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(54) OPTICAL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical device 
for an electronic image pickup system, an electronic display 
system or a board unit that is a component of the systems 
such as digital camera, an electronic endoscope, a PDA 
(personal digital assistants), a video telephone set, a VTR 
camera, by unifying components such as an image pickup 
element and an optical element through a method such as 
lithography so as to attain miniaturization and to reduce the 
cost. 

SOLUTION: A digital camera 232 is configured by using an 
image pickup unit 231 where free curved face prisms 230 
are combined. The free curved face prism 230 is formed so 
that a light 60 of an object that is made incident onto the 
free curved face prism 230 is a twisted relation to a ray 
emitted from the free curved face prism 230 and made 
incident onto a solid-state image pickup element 55. 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Optical equipment an image pck-up or the observation direction, and the beam of light 
that carries out incidence to an image pck-up element or an eye have the relation of a twist 
[Claim 2] Optical equipment equipped with the sculptured-surface prism the beam of light which 
carries out incidence to sculptured-surface prism, and the beam of light which carries out outgoing 
radiation of the sculptured-surface prism have the relation of a twist 

[Claim 3] The movable optical element which includes a lithography process in a manufacture 
process and which consists of an optical element and an actuator. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to optical equipment. 
[0002] 

[Description of the Prior Art] The conventional digital camera 1 70 was made by collecting CCD55. a 
lens 171, drawing 173, a shutter 174, and the solenoid 175 grades for lens focusing as parts of an 
exception object, respectively, and assembling these, as shown in drawing 22 . 
[0003] 

[Problem(s) to be Solved by the Invention] Therefore, part mark increased, the assembly was also 
troublesome and the limitation was in the miniaturization of a product, highly-preciseHzing, and the 
cost cut. Then, this invention is unifying parts, such as an image pck-up element and an optical 
element, using technique, such as lithography, and offers a technical problem optical equipments, 
such as a tabular unit which constitutes those parts, such as electronic image pck-up systems, 
such as a miniaturization, the digital camera which can be low-cost-ized, an electronic endoscope. 
PDA (Personal Digital Assistant), a TV phone, a VTR camera, and a television camera, and an 
electronic display system. 
[0004] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, as for 
the optical equipment by this invention, an image pck-up or the observation direction, and the beam 
of light that carries out incidence to an image pck-up element or an eye have the relation of a twist. 

[0005] Moreover, the optical equipment by this invention is equipped with the sculptured-surface 
prism the beam of light which carries out incidence to sculptured-surface prism, and the beam of 
light which carries out outgoing radiation of the sculptured-surface prism have the relation of a 
twist. 

[0006] Moreover, the optical equipment by this invention has the movable optical element which 
includes a lithography process in a manufacture process and which consists of an optical element 
and an actuator. 
[0007] 

[Embodiments of the Invention] Hereafter, the operation gestalt of the optical equipment by this 
invention is explained using a drawing. 

[0008] Drawing 1 is drawing showing the 1st operation gestalt of this invention. The optical 
equipment of this operation gestalt is constituted as a lens 181,182,183, prism 184. and an 
electronic image pck-up unit 180 that used the mirror 185 grade. In addition, for a solid state image 
pickup device and 56, as for a power supply and 58, a substrate and 57 are [ the thin film 53 by 
which aluminum coating of 52 in drawing was carried out, the reflecting mirror which consists of an 
electrode 54, and 55 / a switch and 59 ] variable resistors. 
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[0009] A reflecting mirror 52 is optics. If voltage is impressed between a thin film 53 and an 
electrode 54, a thin film 53 will deform by the electrostatic force, the focal distance will change, and 
it has come to be able to perform focus adjustment thereby like communique SHONZU (Optics 
Communications) and the membrane mirror shown in 187 or 190 pages 140 volumes (1997). With the 
image pck-up equipment of this operation gestalt, it is refracted in respect of each plane of 
incidence of the lens 181,182 as an optical element, and prism 184, and outgoing radiation, is 
reflected by the reflecting mirror 52, and is reflected by the reflector of a mirror 185, and after the 
light 60 from a body is refracted with a lens 183, incidence of it is carried out to a solid state image 
pickup device 55. 

[0010] Thus, the optical equipment of this operation gestalt constitutes image pck-up optical 
system from optical elements 181 and 182.184.185,183 and a reflecting mirror 52. And especially 
with the composition of this operation gestalt, aberration of a body image can be made now into the 
minimum by optimizing the field and thickness of each optical element 

[001 1] As for the configuration of a reflecting mirror 52. in the optical equipment of drawing 1 , it is 
often [ using astigmatism etc. as a long ellipse form at Y shaft orientations at an amendment sake ]. 
and specifically good to make it a long ellipse form along the direction at which the incident light to 
a reflecting mirror 52, the flat surface containing the outgoing radiation light from a reflecting mirror 
52, and a reflecting mirror 52 cross. Moreover, with the optical equipment of drawing 1 , the 
reflecting mirror 52 and the solid state image pickup device 55 were made from the exception 
object, respectively, and it arranges on a substrate 56. However, since a reflecting mirror 52 can 
also be made from a silicon lithography process etc., a substrate 56 may be formed with silicon and 
some reflecting mirrors [ at least ] 52 may be formed on a substrate 56 in a lithography process 
with a solid state image pickup device 55. 

[0012] Since the reflecting mirror 52 which is one of the optical elements is unified with a solid 
state image pickup device 55 by this, it is advantageous in respect of a miniaturization, low-cost- 
izing, etc. Moreover, you may constitute a reflecting mirror 52 as a mirror of a fixed focus. Even in 
this case, a reflecting mirror 52 can be made from a lithography process. In addition, a reflecting 
mirror 52, a solid state image pickup device 55, and a substrate 56 will be doubled, and it will be 
called the tabular unit 186. A tabular unit is an example of optical equipment. 
[0013] Moreover, although illustration is omitted, you may form in one display devices, such as a 
reflected type liquid crystal display which is one of the display devices, or a penetrated type liquid 
crystal display, according to a lithography process on a substrate 56. In addition, you may form this 
substrate 56 by transparent matter, such as glass or a quartz. In this case, what is necessary is to 
use technology, such as a thin film transistor, and just to form a solid state image pickup device and 
a liquid crystal display on this glass substrate. Or these display devices may be made from another 
object, and you may arrange on a substrate 56. 

[0014] By forming by the plastics mould, the glass mould, etc., optical elements 181 and 
182.184.185,183 can form the curved surface of arbitrary request configurations easily, and are easy 
to manufacture. In addition, although only a lens 181 separates and is formed from prism 184 with 
the image pck-up equipment of this operation gestalt, if optical elements 182, 183, 184, 185, and 52 
are designed without forming a lens 181 so that aberration can be removed, the optical element 
except a reflecting mirror 52 will become one optical block, and will become easy [ an assembly ]. 
[0015] Drawing 2 is drawing showing the 2nd operation gestalt of this invention. With the image pck- 
up equipment of this operation gestalt, the micro shutter 188 and image pck-up element 55 grade 
which move by the electrostatic force made with a reflecting mirror 52 and micro machine 
technology on one silicon substrate 187 are made from the lithography process. And if this silicon 
substrate 187 and the sculptured-surface prism 189 made from the mould are combined, the image 
pck-up unit 180 for digital cameras small as optical equipment will be done. In addition, the micro 
shutter 188 can also serve now as drawing. 

[0016] If the sculptured-surface prism 189 is made from a plastics mould, it can be done cheaply. 
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Moreover, since it is durable rather than it makes from thermoplastics if the sculptured-surface 
prism 189 is made from an energy hardening type resin, it is desirable. Moreover, the sculptured- 
surface prism 189 may be constituted using the quality of the material of the property which 
absorbs infrared light, and the infrared cut-off filter effect may be given. Or the interference film 
which reflects infrared light in which field in the optical path of the sculptured-surface prism 189 is 
prepared, and you may make it cut infrared light. The mirror 190 is formed by processing and 
carrying out the aluminum coat of the silicon substrate 187 to a concave surface. What improved 
the shutter as shown in drawing 8 of JP,10-39239.A and drawing 9 can be used for the micro 
shutter 188. 

[0017] Drawing 3 is the enlarged view of the micro shutter 188 neighborhood which looked at the 
optical equipment of drawing 2 from the upper part. By giving the potential difference to a fixed 
electrode 191 and the electrode 193 prepared in each of a gobo 192, the micro shutter 188 can 
open two gobos 192 right and left by the electrostatic force, or can be closed now. Here, a 
triangular crevice is prepared in the center of the side near the gobo 192 of another side, and two 
gobos 192 are installed in each of two gobos 192 in a completely different class, if it picturizes 
where a gobo 1 92 is opened to the middle, it will operate as drawing, and it will become a shutter if a 
gobo 1 92 is closed completely. A power supply 1 96 can change the polarity of +- now, and two 
gobos 192 move to an opposite direction in connection with it. Moreover, when it closes completely, 
two gobos 1 92 are designed so that it may lap somewhat, as shown in drawing 2 . The micro shutter 
188 has the merit that it can make from a lithography process together with a reflecting mirror 52 
and a solid state image pickup device 55. In addition, as a micro shutter 188, you may use a micro 
shutter as shown in drawing 47 of JP,10-39239,A besides the above. Or the shutter which operates 
by means of a spring may be manufactured like the shutter of the usual film camera as a shutter 
used for the image pck-up equipment of this operation gestalt, and this may be installed in a silicon 
substrate 187. 

[0018] Moreover, it is good also as composition which formed drawing 197 for the image pck-up 
equipment of this operation gestalt separately as shown in drawing 2 . As drawing 197, a tris 
diaphragm which is used for the lens of a film camera is sufficient, or the thing of composition so 
that two or more perforated panels as shown in drawing 4 may be made to slide may be used. Or 
you may be fixed drawing which does not change the effective-area product of drawing. Moreover, 
the micro shutter 1 88 is operated only as drawing and you may make it achieve it about a shutter 
function as drawing using the element shutter of a solid state image pickup device 55. Moreover, it 
is good also as composition which made at least one of an electrode 54, a mirror 190, the micro 
shutter 188, and the image pck-up elements 55 as another parts, and has arranged the image pck- 
up equipment of this operation gestalt on one substrate with the remaining members. In addition, it 
is good also as composition which arranged the liquid crystal adjustable mirror 252 grade which has 
arranged the liquid crystal variable-focus lens in the front face of a mirror as another example of 
the reflecting mirror 52 which is one of the optical property good light variation study elements 
about the image pck-up equipment of this operation gestalt as shown in drawing 5 . 
[0019] Drawing 5 is drawing showing an example (image pck-up equipment 253) of image pck-up 
equipment which used the liquid crystal adjustable mirror 252. The liquid crystal adjustable mirror 
252 has composition which has arranged the twist nematic liquid crystal 257 between the electrodes 

256 by which the coat was carried out to the front face of the substrate 255 of the shape of a 
transparent electrode 254 and a Fresnel lens. Spiral pitch P of the twist nematic liquid crystal 257 P 
<3lambda ... (1) 

:fcHc)|c*)ic:ic9)c3|c — it is like Here, lambda is the wavelength of light. Since the twist nematic liquid crystal 

257 is not depended in the polarization direction of an incident light but a refractive index becomes 
almost isotropic when filling a formula (1), an adjustable focal mirror without dotage is obtained 
without preparing a polarizing plate. In addition, in the digital camera of a low cost, the spiral pitch P 
of the twist nematic liquid crystal 257 P < 15lambda ... (2) 
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It comes out and even if it is. it may be able to be used practically. 

[0020] Drawing 6 is drawing showing the 3rd operation form of this invention. The optical equipment 
204 of this operation form has composition which formed reflected type LCD199, the reflecting 
mirror 52, and the solid state image pickup device 55 in the transparent substrate 198, and 
combined the sculptured-surface prism 189 which is an optical block. The lens 200 which is an 
optical element, the low pass filter 201, and IC203 are also doubled and formed in the transparent 
substrate 198, and the transparent tabular unit 202 is formed by these. IC203 is LSI with functions 
which perform reflected type LCD199, a reflecting mirror 52, IC that drives solid-stateHmage- 
pickup-device 55 grade or control, and an operation, such as CPU and memory. Although a solid 
state image pickup device 55, a reflecting mirror 52, and the reflected types LCD199 and IC203 may 
be manufactured separately, respectively and may be stuck on the transparent substrate 198, if it 
forms in the front face of the transparent substrate 198 using thin-filmHransistor technology by 
being made from contest low-temperature polysilicon [ an amorphous silicon and ]. continuous grain 
boundary crystal silicon (Asahi Shimbun with '98.1.14), etc., it is advantageous in respect of a 
miniaturization, lightweight-izing, and highly-preciseHzing. 

[0021] Drawing 7 is the perspective diagram of the low pass filter 201 used for the optical 
equipment 204 of this operation form. A low pass filter 201 is a low pass filter of a pupil assembled 
die, and consists of two fiat surfaces which have a twist relation. In addition, this low pass filter 201 
is also one of the optical elements. In addition, as for the transparent substrate 1 98, in this 
operation form, making from the mould of glass or a resin is good. 

[0022] It is the point that the field which the optical equipment 204 of this operation gestalt refiects 
light, and is refracted can be established in both the sculptured-surface prism 1 89 and the 
transparent tabular unit 202, and it is easy to carry out amendment of aberration, and the image 
pck-up unit 180 of the operation gestalt shown in drawing 2 is excelled. In addition, optical elements, 
such as a lens, may stick and make the curved-surface-like resin thin film 205 on the front face of a 
transparent member like for example, lens 200b. Such a method is called thin film lens technology. 
[0023] Drawing 8 is drawing showing the 4th operation gestalt of this invention. The optical 
equipment 207 of this operation gestalt is constituted by combining the transparent tabular unit 202 
and the tabular unit 186. In addition, although the transparent substrate 198 is advantageous on 
aberration amendment since the fiexibility of aberration amendment increases if a lens 208 is formed 
in another object, it is not necessary to form a lens 208. A display 209 and IC203 are formed in the 
transparent tabular unit 202, and the lens 210,21 1 further manufactured with thin film lens 
technology is formed in it. In addition, in case a lens 212 manufactures the transparent substrate 
1 98, it is really formed in the transparent substrate 1 98 with the technology of a mould. The tabular 
unit 186 is constituted like the tabular unit 186 of the operation gestalt shown in drawing 2 . The 
slash section 214 is a black film for shading for removing the stray light, and can be made from the 
three-layer vacuum evaporationo of Cr-Cr02-Cr, paint of a black paint, or printing. In addition, what 
is necessary is just to form the slash section 214 in the front face of the transparent substrate 198, 
the side, and the interior, and it may be necessary to prepare it in them if needed. 
[0024] Although the liquid crystal display which is an example of a display 209 can be made on 
transparent substrates, such as glass, with thin-film-transistor technology, if solid-state-image- 
pickup-device 55 grade is not on a silicon substrate, it will be hard to make it. Since the optical 
equipment 207 of this operation gestalt divided and constituted the solid state image pickup device 
55 and the substrate which should form a display 209, it can do cost at a low price rather than it 
makes on the same substrate. In addition, it is infrared light to the transparent substrate 1 98 of the 
optical equipment 207 of this operation gestalt, or the quality of the material of a lens 21 1. Or you 
may prepare the interference film which has an infrared cut function in the front face of a thin film 
53, a lens 212, or transparent substrate 198 grade. Furthermore, the optical equipment 207 of this 
operation gestalt removes a solid state image pickup device 55, and may be constituted as display 
which gave an observation function like opera glass to optical system. 
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[0025] Drawing 9 is drawing showing the 5th operation gestalt of this invention. The optical 
equipment 246 of this operation gestalt is constituted by combining the tabular unit 245 and the 
sculptured-surface prism 1 89. The tabular unit 245 arranges a substrate 240 and the tabular unit 
244 in which IC203 was formed in the substrate 241 which consists of silicon of low quality etc. on 
one substrate 240 at the substrate 242 which serves as a reflecting mirror 52, a mirror 190. and the 
tabular unit 243 in which the micro shutter 188 was formed from quality silicon, and is constituted. 
Although it will be hard to form them if a solid state image pickup device 55 and IC203 grade are not 
on quality silicon, the silicon of low quality is sufficient as a mirror 190, the micro shutter 188, and 
reflecting mirror 52 grade. Since the tabular unit 243,244 which is an optical unit was formed in the 
separate substrate from which quality differs according to the optical equipment 246 of this 
operation gestalt, the amount of the part and the quality silicon used can be reduced, and it is 
advantageous on cost. The leg 247,248 is formed in the sculptured-surface prism 189. and a leg 
247,248 can be adjusted as the design value of a request of the optical length between each side, 
when uniting with the tabular unit 245. 

[0026] Drawing 10 is drawing showing the 6th operation gestalt of this invention. The optical 
equipment of this operation gestalt constitutes the image pck-up equipment for digital cameras 
combining the tabular unit 243 and a solid state image pickup device 55 through the sculptured- 
surface prism 189. Since the solid state image pickup device 55 was separated and constituted from 
a substrate 241 which consists of silicon of low quality etc. according to the optical equipment of 
this operation gestalt, commercial CCD etc. can be used as a solid state image pickup device 55. 
and cost can be reduced. In addition, although not illustrated, it is good to form a liquid crystal 
display etc. in the optical equipment of this operation gestalt still more nearly independently, and to 
use for it as a finder of a digital camera. 

[0027] Moreover, instead of arranging a reflecting mirror 52, a mirror 1 90. and the micro shutter 1 88 
on one substrate in this operation gestalt, as shown in drawing 1 1 , you may arrange around the 
sculptured-surface prism 189 on an exception object, respectively. In this case, since the optic of a 
reflecting mirror 52. a mirror 1 90. and micro shutter 1 88 grade can be made separately, it becomes 
possible to communalize those parts with the parts of other products. Moreover, since only good 
parts can be collected and a product can be made even when the yield (rate of success at the time 
of manufacture) of each optic is bad, the yield as a product can be raised compared with the case 
where each optic is made on one substrate. 

[0028] Moreover, as shown in drawing 10 , you may arrange the liquid crystal shutter 249 which is 
one of the permeability adjustable elements in the front face of a solid state image pickup device 55. 
In this case, the micro shutter 1 88 may be operated as drawing and may be operated as a shutter 
together with the liquid crystal shutter 249. Or the micro shutter 1 88 may be excluded and 
operation of a shutter may be carried out by the liquid crystal shutter 249 and the element shutter 
function of a solid state image pickup device 55. In addition, since there is no mechanical moving 
part in the liquid crystal shutter 249, the composition which excluded the micro shutter 1 88, then 
mechanical structure can be simplified. 

[0029] Drawing 1 2 is drawing showing the 7th operation gestalt of this invention. The optical 
equipment 217 of this operation gestalt has the composition of having formed the lens 216 with a 
leg which is an example of a movable optical element. In addition, optical equipment 217 has 
composition which combined a solid state image pickup device 55 and the sculptured-surface prism 
189 with the transparent substrate 198 other than the lens 216 with a leg. The lens 216 with a leg It 
is free space optics (M.C.Wu. L.-Y.Lin, S-S.Lee, Sensors and ActuatorsA50 (1995) 127-written by 
K.S.J.Pister 134. etc.) under a lens 218. The leg 219 which the leg 219 made with the micro machine 
technology of reference etc. consists of by being attached It connects with electrode 219b 
( drawing 1 3 ) equivalent to electrode 193b shown in below-mentioned drawing 1 7 slid by the 
electrostatic force, and when electrode 219b slides, it is made so that the angle theta shown in 
drawing 13 may change. The intersection PI with a leg 219, and P2 When angle theta changes, it 
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moves on the front face of the transparent substrate 198. And the lens 216 with a leg has come to 
be able to perform focus adjustment by changing the angle theta of a leg 219 and changing the 
distance Z of a lens 218 and the transparent substrate 198. In addition, between the transparent 
substrates 198 and the sculptured-surface prism 189 which are shown in drawing 1 2 , the air 
interval is slightly prepared so that the light 60 from a body may carry out total reflection in Point A. 
Moreover, drawing 1 3 is drawing showing an example of the image pck-up equipment of simple 
composition of coming to combine the lens 216 with a leg, the transparent substrate 198, and a solid 
state image pickup device 55 as a modification of this operation gestalt. 

[0030] Drawing 1 4 is drawing showing the octavus operation gestalt of this invention. The optical 
equipment of this operation gestalt constitutes the finder of a digital camera as an example of 
observation equipment. The optical equipment of this operation gestalt has composition equipped 
with mirror 216with leg B which reset the lens 218 of the lens 216 with a leg shown in drawing 12 
and drawing 1 3 by mirror 21 8B. In addition, the optical equipment of this operation gestalt is 
equipped with the tabular unit 186 which consists of a transparent substrate 198 and a lens 21 1, 
and the sculptured-surface prism 189 besides mirror 216with leg B. The optical equipment of this 
operation gestalt can perform diopter adjustment now by making a leg 219 slide and changing the 
distance Z of mirror 21 8B and the transparent substrate 198. 

[0031] The lens 216 with a leg shown in drawing 12 and drawing 1 3 has an electrostatic lens as 
other examples of a moving lens used as an example of the moving lens which is one of the movable 
optical elements. Drawing 15 is the composition schematic diagram of the electrostatic lens in which 
other examples of the moving lens used for the operation gestalt of this invention are shown. The 
electrostatic lens 220 has composition equipped with the lens 218, the electrode 221,222, the 
damper 223, etc. By applying voltage between an electrode 221 and an electrode 222, this 
electrostatic lens 220 can change the distance between a lens 218 and the transparent substrate 
1 98 by the electrostatic force, and can use it now for focus doubling, zooming, etc. In addition, a 
damper 223 eases a shock In case a lens 218 is held and a lens 218 moves. In addition, it is good 
also as a movable optical element which resets to the mirror 225 as shows a lens 218 to drawing 
16 , considers as the movable mirror 226, and uses this for the operation gestalt of this invention. 
[0032] Drawing 16 is drawing showing the 9th operation gestalt of this invention. The optical 
equipment 228 of this operation gestalt has composition equipped with the reflecting mirror 52 
which is one of the optical property good light variation study elements, the movable mirror 226 
which is one of the movable optical elements, and the self-propelled lens 227 which is an example of 
the moving lens which is one of the movable optical elements. Moreover, in addition to this, optical 
equipment 228 is equipped with a silicon substrate 187 and the sculptured-surface prism 189. And 
optical equipment 228 can perform ZOOM and a focus now by changing the position of the focal 
distance of a reflecting mirror 52, the self-propelled lens 227, and a mirror 225. In addition, you may 
make it give the infrared cut effect using the material which absorbs infrared light for the 
sculptured-surface prism 189 used for this operation gestalt. As shown in drawing 17 , the self- 
propelled lens 227 can be equipped with Electrodes 193a and 193b and the lens 218 fixed to 
electrode 193b, can be constituted, and can move now the lens 218 which gave the potential 
difference between two electrodes 193a and 193b of a pectinate, and was fixed to electrode 193b 
by the electrostatic force. 

[0033] By the way, a miniaturization of a digital camera is desired, and especially the thin card type 
digital camera excels and is convenient for portability in recent years. However, with the image pck- 
up equipment which combined the conventional optical system as shown in drawing 22 , and the 
electric system, the limitation was in the miniaturization. Then, it also enables it to offer the image 
pck-up equipment and optical equipment which are used for a thin card type digital camera etc. in 
this invention. 

[0034] Drawing 1 8 is drawing showing the 10th operation gestalt of this invention. The optical 
equipment of this operation gestalt constitutes the digital camera 232 using the image pck-up unit 
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231 which combined with the tabular unit the sculptured-surface prism 230 which is one of the 
optical blocks. In addition to this, the display 209 of a liquid crystal display etc. is formed in the 
digital camera 232. And the digital camera 232 of this operation gestalt can picturize now the body 
with which the image pck-up unit 231 is located in the direction parallel to the thickness direction of 
a digital camera 232. Drawing 19 and drawing 20 are drawings having shown the configuration of the 
sculptured-surface prism 230 in detail, and drawing where drawing 19 saw the sculptured-surface 
prism 230 from the upper part, and drawing 20 are drawings which saw the sculptured-surface prism 
230 from the body side. After it reflected the light 60 from a body by the reflector R1, and it 
changes the sense in the direction which is in XY flat surface and faces to a reflecting mirror 52 and 
being reflected in it by the reflecting mirror 52, the sculptured-surface prism 230 is formed so that 
it may be reflected by the reflector R2 and image formation can be carried out to a solid state 
image pickup device 55. Thus, if the form of the sculptured-surface prism 230 is made so that the 
beam of light m which carries out outgoing radiation of the sculptured-surface prism 230 to the 
incident light 60 which carries out incidence to the sculptured-surface prism 230 from a body, and 
carries out incidence to a solid state image pickup device 55 may become the relation of a twist, 
thickness of a digital camera 232 can be thin-shape-ized to the same extent as the width W of a 
solid state image pickup device 55. In addition, optical elements, such as a usually used lens, prism, 
and sculptured-surface prism like the optical block 189 shown in drawing 2 , may be arranged, and 
optical system may be formed so that the beam of light m and the incident light 60 from a body 
which carry out incidence to a solid state image pickup device 55 instead of may become the 
relation of a twist. [ the sculptured-surface prism 230 ] Moreover, the interference film 233 which 
cuts infrared light is formed in the field in the optical path of the sculptured-surface prism 230, and 
you may make it cut infrared light into it 

[0035] Drawing 21 is drawing showing the 1 1th operation gestalt of this invention. The optical 
equipment of this operation gestalt is an example different from the digital camera shown in drawing 
18 . and constitutes the digital camera 234 using the small image pck-up unit 1 80 for digital cameras 
shown in drawing 2 . And the image pck-up unit 180 for digital cameras with the small digital camera 
234 of this operation gestalt can picturize now the body of the thickness direction of a digital 
camera 234, and the right-angled direction. Since according to the digital camera 234 of this 
operation gestalt the small image pck-up unit 180 for digital cameras is arranged so that the 
incident light 60 from a body and the thickness direction of a digital camera 234 may intersect 
perpendicularly, thickness of a digital camera 234 can be made thin. In addition, you may use for the 
image pck-up system of a digital camera the tabular unit of this invention and any of equipment 
other than an image pck-up unit which show drawing 18 and drawing 21 . Moreover, you may use the 
tabular unit of this invention, and equipment for the optical system of PDA except a digital camera, 
and image pck-up equipment. 

[0036] By the way, electronic image pck-up equipments, such as an electronic camera and a video 
camera, have been increasing in number in recent years. That to which they combined the lens 
system 2 with the solid state image pickup device 1 as shown in drawing 33 was almost the case. 
However, eye a complicated hatchet and part mark had much structure, the assembly of structure 
was also troublesome, and the above-mentioned thing had a limitation in the miniaturization and the 
cost cut. Then, it is small and also enables it to offer the cheap electronic image pck-up equipment 
of cost in this invention. 

[0037] The optical equipment of this invention which attains the above-mentioned purpose arranges 
an image pck-up element and an optical element in the front face of one transparent substrate at 
least, is itself or has an image pck-up function by adding another parts. 
[0038] Drawing 23 is drawing showing the 12th operation gestalt of this invention. The optical 
equipment of the 12th operation gestalt forms the sculptured surfaces 4 and 6 and the diffraction 
optical element (henceforth DOE) 5 which are an optical element in both sides of one transparent 
substrate 3 which consists of glass, crystals, plastics, etc.. and forms a solid state image pickup 
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device 1 in them using a silicon thin film technology etc. further. This is called tabular image pck-up 
unit 7. A sculptured surface is a field which consists of nonrotation plane of symmetry, and is a 
curved surface which does not have plane of symmetry further or only the whole surface has plane 
of symmetry. A sculptured surface is used for both a refraction operation and reflex action. With 
this operation gestalt, it is refracted by the sculptured surface 4, is deviated and reflected by off- 
axis type DOES, and reflects by the sculptured surface 6, and Image formation of optical T from the 
body which is not illustrated is carried out on a solid state image pickup device 1. Since amendment 
of aberration is made by sculptured surfaces 4 and 6 and DOES, the good picture same with having 
carried out image formation by the usual lens system carries out incidence to a solid state image 
pickup device 1 . Sculptured surfaces 4 and 6 are methods, such as a mould, and DOES is methods, 
such as a mould or lithography, and they may form it simultaneously with a solid state image pickup 
device 1. Although a solid state image pickup device 1 may be formed by the technique of direct 
lithography on the transparent substrate 3, when it is difficult, it manufactures the solid state image 
pickup device 1 separately, and may unite with the transparent substrate 3 later. Or although not 
illustrated, parts, such as a lens, may be added to the exterior of the tabular image pck-up unit 7, 
and you may constitute so that it may have an image pck-up function in them and the tabular image 
pck-up unit 7. 

[0039] Drawing 24 is drawing showing the 13th operation gestalt of this invention. The optical 
equipment of the 13th operation gestalt is the unit for Personal Digital Assistant equipments which 
formed the image pck-up unit 7 in the 12th operation gestalt on the transparent substrate 3 
together with the TFT liquid crystal display 8, IC9 of a circumference circuit, and the 
microprocessor 1 0. You may form 10 (LSI) with functions, such as memory and a telephone, in the 
image pck-up unit 7 together further. Moreover, the finder 1 1 of electronic image pck-up equipment 
is also formed in the transparent substrate 3. The thing which prepared the visual field frame on the 
transparent substrate 3 and which could only be easy, formed the concave lens 1 2 and the convex 
lens 13 in both sides of the transparent substrate 3 as shown in drawing 25 , and was used as the 
Galileo telescope type finder is sufficient as this. Or at least one side of a concave lens 12 and a 
convex lens 13 is prepared in the exterior of the transparent substrate 3, and it is good also as a 
finder together with the lens on the transparent substrate 3. 

[0040] Drawing 26 is drawing showing the 14th operation gestalt of this invention. The optical 
equipment of the 14th operation gestalt is the possible tabular image pck-up unit of focus control. 
When performing a focus in the tabular image pck-up unit 14, it is impossible to move mechanically 
the position of DOES and sculptured-surface 6 grade shown in drawing 23 . Then, in the tabular 
image pck-up unit 14 of this operation gestalt, the focal distance uses the adjustable optical 
element IS. Drawing 27 shows an example of an optical element IS, and is the adjustable focus DOE 
17 using the macromolecule distribution liquid crystal 16. The slot about [ of light ] wavelength is 
formed in one [ at least ] field of the transparent substrate 18, and since it will gather as the 
direction of the liquid crystal molecule 20 is shown in drawing 28 if voltage is applied to the 
transparency electrode 19, the refractive index of the macromolecule distribution liquid crystal 16 
falls. On the other hand, since the direction of the liquid crystal molecule 20 is random if voltage is 
not applied, the refractive index of the macromolecule distribution liquid crystal 16 increases. 
Therefore, the ac(justable focus DOE 17 can change a focal distance in ON of voltage, and OFF. 
Since the macromolecule distribution liquid crystal 16 will become a solid-state mostly if the weight 
ratio to the liquid crystal molecule 20 is enlarged to some extent above (for example, 25% or more), 
it is not necessary to prepare a substrate in the right-hand side of the macromolecule distribution 
liquid crystal 16. Moreover, as shown in drawing 29 , the field on the right-hand side of the 
macromolecule distribution liquid crystal 16 and the field on the left-hand side of the transparent 
substrate 18 may be made into a curved surface 21, and you may use for a lens operation and 
aberration amendment In both the examples shown in drawing 27 and drawing 29 , it is good also 
considering the field on the right-hand side of the transparent substrate 1 8 as not a DOE side but a 
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Fresnel side. At this time. D0E17 acts as an adjustable focal Fresnel lens. Furthermore, as shown in 
drawing 54 , it is good also considering the field on the right-hand side of the transparent substrate 
18 as a curved surface like the usual lens. 

[0041] Moreover, you may give the effect of an infrared cut-off filter to the transparent substrates 
3 and 18 mentioned above. Drawing 30 is drawing showing the 15th operation gestalt of this 
invention. The optical equipment of the 1 5th operation gestalt is the tabular image pck-up unit 
which used the reflected type adjustable focal deflection flannel mirror 22. As shown in drawing 31 , 
the reflector 23 is formed, and since the adjustable focal deflection flannel mirror 22 changes the 
refractive power of the Fresnel side 26 by performing adjustable [ of voltage ] by opening and 
closing or variable resistance 25 of a switch 24, it operates as a deflection flannel mirror of an 
adjustable focus. It is good also as DOE instead of the Fresnel side 26. 

[0042] In addition, you may use the adjustable focus DOE 17 in the above-mentioned operation 
gestalt. and the deflection flannel mirror 22 for the variable-focus lens for optical disks from which it 
not only uses for the tabular image pck-up unit 7. but usual image pck-up equipment or thickness 
differs as shown in drawing 32 , an electronic endoscope, a TV camera, a film camera, etc. Moreover, 
when the liquid crystal (the Japan Chemical Industry Association monthly report February, 1997 
issue p.14 to p. 18) of a tolan system, Dainippon Ink DON-605:N-1 [ for example, ] etc., is used as 
liquid crystal to be used, the viscosity of liquid crystal is low, and an optical anisotropy is large 
(deltan=0.283;deltan expresses an optical anisotropy and is the difference of the length of the main 
shaft of an index ellipsoid), and, in addition, it is [ a switch of a high-speed focal distance can Next, 
the light source optical system for light guides used for an endoscope or industrial use test 
equipment, such as an electronic endoscope which is one of the electronic image pck-up systems 
or fiberscope, and a rigid mirror, is described. 

[0043] With the conventional technology, as shown in drawing 34 , an aspheric lens 32 is before a 
light guide 31, and the light from a lamp 33 is brought together in the end face of a light guide 31. It 
is sufficient as a lamp 33, the light sources, for example, the semiconductor laser etc., other than a 
lamp etc. When the angle which an incident light makes to the normal of the plane of incidence of a 
light guide 31 is set to theta and incident-light intensity is set to I, the relation between theta and I 
comes to be shown in drawing 35 . The value of I is maintaining about 1 constant value to theta, and 
is thetaL Since a beam of light is lost by the way, it is set to 0. It is theta=thetaL that considering 
the solid angle of incoming beams incident-light energy serves as the maximum. It is near. 
Therefore, a light guide 31 is incident angle thetaL Like [ which can transmit light ] NA >= thetaL ... 
(3) 

******** — things were required However, the glass of a light guide colored it yellow and there was 
a fault which produces the fall of a color reproduction and the fall of the transmission quantity of 
light as NA was enlarged. 

[0044] Hereafter, the light source optical system which can solve the trouble of the above- 
mentioned conventional technology is explained. As shown in drawing 36 , the 1st example arranges 
the DOG lens 34, reverses a center and the circumference by the total reflection in side 34' of the 
DCC lens 34 among the flux of lights from a lamp 33, and carries out incidence to a condenser lens 
35. In addition, in the DCC lens 34, it is KKono et al.:0pt.Rev.4 (1997)423. As there being 
explanation. Ends are the optical elements of the shape of a cylinder by which a concave-side side 
reflects light in a cone. Carry out total reflection of the incident light in side 34', or attach a metal 
membrane to the side, it is made to reflect, and the main beam of light a and the surrounding beam 
of light b are reversed among incoming beams, for a beam of light a to carry out around a condenser 
lens 35, and a beam of light b is made to carry out incidence to the center of a condenser lens 35. 
At the center, if it does in this way, as shown in drawing 37 . since the relation between theta and I 
becomes low (theoretically 0). it can transmit a lot of [ the small light guide of NA ] quantity of light, 
and the above-mentioned trouble will cancel it on the outskirts, highly (theoretically infinite). In 
addition, the DCC lens 34 can be made from fabrication of transparent matter, such as glass. 
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plastics, and rubber, or grinding. If you may divide and make to two members 36 and 37 and it 
divides and makes to two isomorphous members especially as shown in drawing 38 when it is hard 
to process DCC34 of the configuration shown in drawing 36 , a mold can be shared and it is 

advantageous in cost. 

[0045] The example of a design of a DCC lens is shown below. If t defines inside web thickness of 
the DCC lens 34 and the following formula (5) defines [ a refractive index ] h, 1/2alpha of the 
vertical angle of a DCC lens, and phi for n and incoming beams quantity (= injection flux of light 
quantity), as shown in drawing 39 t= {1-cot alpha-cot (alpha+phi)} and h/cot (alpha+phi) ... (4) 
Sin phi=cos alpha/n ... (5) 

There is Here, if n= 1.53, h= 12.7mm, and alpha= 45 degrees, although it will be set to phi= 

27.527 degrees and t= 27.645mm, if a margin is seen a little and the diameter D of the DCC lens 34 
is set to 30mm. t needs to enlarge t' of the following formula (6). 
[0046] 

t - (D / 2-h) and tan (90 degree-alpha-phi) ... (6) 

Therefore, being referred to as t= 28.369mm is good. On the other hand, if D is made larger than 2h 

too much, it is disadvantageous in cost. D<=3h+5 ... (7) 

It is good to carry out ** satisfactory. Therefore, as for t, it is good to decide that the following 

conditions (8) are fulfilled. 

[0047] 

0.6x{(l-cot alpha-cot / (alpha+phi) cotKalpha+phi) xh<=t<={(l-cot alpha-cot (alpha+phi) )/cot} 
(alpha+phi) xh+5 (D / 2-h)) 
- cot (alpha+phi) ... (8) 

If less than the minimum of conditions (8), it arises [ KERARE of the flux of light near a light source 
center ] and is disadvantage, and if it exceeds an upper limit, KERARE of the flux of light of the light 
source circumference generates and is disadvantage. As mentioned above, as for the inside web 
thickness t of a DCC lens, it is good to decide that the above-mentioned conditions (5) and (8) are 
filled, in addition — the case where divided the DCC lens 34 into two and it is manufactured as 
shown in drawing 38 — the center — thick — if the sum of the inside web thickness of each of 36 
and 37 is taken as t, the above-mentioned conditions (5), (7), and (8) are applicable Moreover, as 
shown in drawing 40 , owing to, the core of the injection flux of light from a lamp 33 is black, and the 
filament of the core of a lamp 33 may fall out. That is, there is no light energy of the slash section of 
a diameter d. However, the black omission of the injection flux of light can be lost with the DCC lens 
34 also in this case. 

[0048] While divided the DCC lens into two and the 2nd example makes a member 38 a curved 
surface with a convex lens operation, as shown in drawing 41 . In this case, since a condenser lens 
is omissible, there is a merit whose cost reduction is possible. If the refractive index of f and a 
member 38 is set [ the radius of convex curve 38' of the cross section of a member 38 ] to n for 
the focal distance of R and the condenser lens to omit l/f**(n-1)/R ... (9) 
Hc3|e3|c)|c3|c9|e9)c9|c — what is necessary is just to decide R like You may make it the configuration which 
makes members 36 and 38 one also in this operation gestalt. Moreover, when the injection flux of 
light from a lamp 33 is not the parallel flux of light similarly, the cross-section configuration of 
plane-of-incidence 36' of a member 36 is made into a curved surface, and you may make it the flux 
of light passing through the inside of a member 36 turn into the parallel flux of light It is also 
possible to make the injection side of the member 36 besides the above and plane of incidence of a 
member 38 into a curved surface, respectively. 

[0049] According to the light source optical system explained above, NA can transmit a lot of [ a 
comparatively small light guide with little coloring ] quantity of light. Next, it is ** PE ** about the 
method of aligning a microlens on a substrate. 

[0050] In the light equipment for light guides used for an endoscope etc., as generally shown in 
drawing 42 , the optical system which arranges a concave lens 100 to the end face of a light guide 
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104 is known. Moreover, without enlarging light guide optical system, as a method of raising a 
luminousHntensity-distribution property, with the conventional technology, as shown in drawing 43 . 
how to form the spherical lens array 103 which arranged the spherical lens 101 in in the shape of an 
array two-dimensional on the substrate 102 in the end face of a light guide 104 is considered. In 
order to acquire a good luminous-intensity-distribution property, as shown in drawing 44 . it is 
desirable to have located the spherical lens 101 in a line densely. However, although the spherical 
lens used here is about several micrometers and how to consider as the means where such a 
particle is aligned densely, and to use gravity can be considered, it is very difficult to align regularly 
a particle with a diameter of 1 micrometer - about dozens of micrometers two-dimensional using 
gravity. Moreover, if mass production is considered industrially, the need of making it forming in a 
substrate with a comparatively big area for a short time will arise. 

[0051] Hereafter, how to solve the trouble of the above-mentioned conventional technology is 
explained. In case a substrate is put in into the liquid which distributed the spherical member and a 
substrate is pulled up from a liquid, near the boundary, the self-accumulation phenomenon in which 
the flow accompanying the surface tension of a liquid and evaporation of a liquid occurs, and a 
particle aligns in the shape of a crystal on a substrate is known (KNagayama ed.:"Protein Array-An 
Alternative Biomolecular System", Adv.Biophys.(Tokyo) 34 (1997), and Japan Scientific Soc.Press). 
The 1st example uses this self-accumulation phenomenon as a means to align a minute lens on a 
substrate. As shown in drawing 45 . by dipping the member used as a substrate 102. pulling up a 
substrate 102 vertically or horizontally, and evaporating a liquid in the liquid 105 which distributed 
the minute spherical lens 101, the minute spherical lens 101 can be densely aligned on a substrate 
1 02, and a spherical lens array can be manufactured. 

[0052] The 2nd example can align the spherical lens 101 at a substrate 102 by distributing the 
spherical lens 101 on a substrate 102, and vibrating a substrate 102, as shown in drawing 46 . 
[0053] If the spherical lens aligned by the method explained above is fixed with adhesives etc., the 
spherical lens array regularly located in a line can be manufactured easily. Especially, also by the 
substrate of a comparatively large area, it can manufacture easily and, also industrially, there is a 
merit. 

[0054] Moreover, if the spherical lens array 103 is made two-layer as shown in drawing 47 , a 
luminous-intensity-distribution property will improve further. Drawing 48 shows the distribution of 
intensity I to the luminous-intensity-distribution property theta of light equipment, i.e.. the angle of 
injection light. When the solid line has arranged the concave lens to the end face of a light guide 104 
and the dashed line has arranged the above 1st and the monolayer lens array of the 2nd example, an 
alternate long and short dash line shows the case where the two-layer lens array shown in drawing 
47 has been arranged, and when the two-layer lens array has been arranged, the luminous- 
intensity-distribution property is improving. 

[0055] Moreover, the spherical lens array manufactured by this technique is applicable also to 
condensing of the back light of a liquid crystal display element, as shown in drawing 49 . In this view, 
the flux of light from a back light 109 penetrates the spherical lens array 103, and illuminates the 
liquid crystal display element 1 10. By this, the light from a back light 109 can be condensed 
efficiently, and a bright liquid crystal display element can be realized. 

[0056] Furthermore, as shown in drawing 50 . the aperture efficiency of an image pck-up element 
improves sharply by forming the spherical lens array 103 manufactured by this technique just before 
the image pck-up elements 111, such as CCD. 

[0057] In addition, there is a possibility that the array of the particle which aligned when viscous 
high adhesives were used as a method of fixing the minute particle which aligned on the substrate 
although use of adhesives 113 could be considered as shown in drawing 51 may be confused. 
Moreover, there is a possibility that permeability may fall, by chemical change of the adhesives itself. 
Especially in the case of a medical-application endoscope, since the sterilization work in an elevated 
temperature is indispensable, the method of not using adhesives is desirable. Then, as shown in 
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drawing 52 , it inserts using the base material 1 12 of one more sheet, and how to close ends can be 
considered. Furthermore, it can melt by heating a substrate or a spherical lens, and can also be 
made to fix mutually, as shown in drawing 53 . 

[0058] According to the method explained above, a minute spherical lens can be easily arranged in 
on a substrate densely, and improvement in the miniaturization of an endoscope point, a back light 
with a bright liquid crystal display element, and the condensing efficiency of a solid state image 
pickup device etc. can be realized. 

[0059] As explained above, as for the optical equipment by this invention, image pck-up equipment, 
display, image formation equipment, etc., it is desirable to have the feature shown in the following 
additional remarks. 

Additional remark [0060] 1 . Optical equipment which arranged an optical element, a shutter, drawing, 
and 1 or more of display devices and an image pck-up element in one substrate at least. 
[0061] 2. Optical equipment which arranged two or more of an optical element, a shutter, drawing, a 
display device, image pck-up elements, etc. in one substrate. 

[0062] 3. Optical equipment which arranged two or more of an optical element, a shutter, drawing, 
etc. in one substrate. 

[0063] 4.1 substrate ~ at least — an image pck-up element, an optical element, a shutter, drawing, 
and ** — the optical equipment which arranged inner one or more and an inner display device 
[0064] 5. Optical equipment given in any of additional remark term 1 to which aforementioned optical 
element is characterized by being optical property good light variation study element, or additional 
remark term 4 they are. 

[0065] 6. Optical equipment given in additional remark term 5 to which aforementioned optical 
property good light variation study element is characterized by being adjustable focal optical 
element. 

[0066] 7. Optical equipment given in additional remark term 5 to which aforementioned optical 
property good light variation study element is characterized by being adjustable focal mirror. 
[0067] 8. Optical equipment given in any of additional remark term 1 to which aforementioned optical 
element is characterized by being movable optical element, or additional remark term 4 they are. 
[0068] 9. optical equipment given in any of the additional remark term 1 to which the 
aforementioned optical element makes it the feature to have been made using thin film lens 
technology, or the additional remark term 4 they are 

[0069] 10. Optical equipment given in any of the additional remark term 1 to which the 
aforementioned optical element is characterized by being a mirror, or the additional remark term 4 
they are. 

[0070] 11. Optical equipment given in any of the additional remark term 1 to which the 
aforementioned optical element is characterized by having an infrared light cut function, or the 
additional remark term 4 they are. 

[0071] 12. Optical equipment given in any of the additional remark term 1 characterized by forming 
on a silicon substrate, or the additional remark term 1 1 they are. 

[0072] 13. Optical equipment given in any of the additional remark term 1 characterized by the 
aforementioned substrate being transparent, or the additional remark term 1 1 they are. 
[0073] 14. Optical equipment given in the additional remark term 13 characterized by the 
aforementioned substrate having an infrared light removal function. 

[0074] 1 5. Optical equipment given in any of the additional remark term 1 characterized by a part of 
aforementioned substrate [ at least ] being opaque, or the additional remark term 1 4 they are. 
[0075] 1 6. Optical equipment given in any of the additional remark term 1 which uses a lithography 
process for manufacturing the aforementioned optical equipment, or the additional remark term 15 
they are. 

[0076] 17. Optical equipment given in any of the additional remark term 1 containing various kinds IC 
or LSI. or the additional remark term 16 they are. 
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[0077] 18. Equipment given in any of the additional remark term 1 equipped with an optical block and 

the aforementioned optical equipment, or the additional remark term 1 7 they are. 

[0078] 19. Equipment given in any of the additional remark term 1 equipped with an optical element, 

an optical block, and the aforementioned optical equipment, or the additional remark term 1 8 they 

are. 

[0079] 20. Equipment given in the additional remark term 18 or the additional remark term 19 in 
which the aforementioned optical block has an infrared light cut function. 

[0080] 21. Equipment which combined the transparent optical equipment of a publication with any of 
optical equipment given in any of the additional remark term 1 or the additional remark term 1 1 , and 
the additional remark term 17 they are, the additional remark term 13, or the additional remark term 
15, 

[0081] 22. Optical equipment equipped with one or more and an optical block of an optical element, 
a shutter, drawing, a display device, and an image pck-up element. 

[0082] 23. Optical equipment equipped with two or more and an optical block of an optical element, 
a shutter, drawing, a display device, and an image pck-up element 

[0083] 24. Optical equipment which countered two or more fields of an optical block, and has 
arranged two or more of an optical element, a shutter, drawing, a display device, and image pck-up 
elements. 

[0084] 25. Optical equipment which contains the equipment of a publication in any of optical 
equipment given in any of the additional remark term 1 which performs ZOOM, or the additional 
remark term 17 they are, the additional remark term 18, or the additional remark term 21 including 
an optical property good light variation study element or at least one movable optical element. 
[0085] 26. Image pck-up equipment equipped with equipment given in any of the additional remark 
term 1 or the additional remark term 25 they are. 

[0086] 27. Image formation equipment equipped with equipment given in any of the additional remark 
term 1 or the additional remark term 25 they are. 

[0087] 28. Image pck-up equipment using the optical equipment an image pck-up or the observation 
direction, and the beam of light that carries out incidence to an image pck-up element or an eye 
have the relation of a twist. 

[0088] 29. Optical equipment which contains the equipment of a publication in any of optical 
equipment given in any of the additional remark term 1 an image pck-up or the observation 
direction, and the beam of light that carries out incidence to an image pck-up element or an eye 
have the relation of a twist, or the additional remark term 1 7 they are, the additional remark term 
1 8, or the additional remark term 25. 

[0089] 30. Optical equipment according to claim 2 which contains the equipment of a publication in 
any of optical equipment given in any of the additional remark term 1 or the additional remark term 
1 7 they are, the additional remark term 1 8, or the additional remark term 25. 
[0090] 31. Image pck-up equipment containing equipment given in any of optical equipment given in 
any of the additional remark term 1 to which an image pck-up or the observation direction is 
characterized by the almost right-angled thing with the thickness direction, or the additional remark 
term 1 7 they are, the additional remark term 1 8, or the additional remark term 25. or optical 
equipment given in the additional remark term 30. 

[0091] 32. Image pck-up equipment which contains the equipment of a publication in any of optical 
equipment given in any of the additional remark term 1 characterized by an image pck-up or the 
observation direction being almost parallel to the thickness direction, or the additional remark term 
17 they are, the additional remark term 18 or the additional remark term 25, a claim 1, and a claim 2. 

[0092] 33. An optical element with a leg according to claim 3. 
[0093] 34. An electrostatic optical element according to claim 3. 
[0094] 35. A self-propelled optical element according to claim 3. 
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[0095] 36. Optical equipment equipped with the movable optical element according to claim 3 which 
performs a focus or zoom. 

[0096] 37. Drawing manufactured by the processing method including the lithography process driven 
with an electrostatic force or electromagnetic force. 

[0097] 38. The shutter manufactured by the processing method including the lithography process 
driven with an electrostatic force or electromagnetic force. 

[0098] 39. The shutter of drawing manufactured by the processing method including the lithography 

process driven with an electrostatic force or electromagnetic force, and combination. 

[0099] 40. Image pck~up equipment using the element shutter function of a solid state image pickup 

device. 

[0100] 41. Image pck-up equipment given in the additional remark term 40 equipped with the 
permeability adjustable element. 

[0101] 42. Image pck-up equipment given in a claim 1 or a claim 3, the additional remark term 1 or 
the additional remark term 37, and the additional remark term 40. 

[0102] 43. A substrate is opaque. (There is the shading effect and the flare and a ghost can be 

suppressed.) 

[0103] 44. An optical-path top has a transparent substrate and it has prepared the shading means 
at least in the part which is outside an optical path. (Since optical system can be constituted 
through a substrate-izing can be carried out [ thin shape ].) And the flare and a ghost can be 
obstructed. 

[0104] 45. One field of a substrate was made to arrange in parallel an optical element and an image 
pck-up element, and it has arranged. 

[0105] 46. One field of a substrate was made to arrange an optical element and a display device in 
parallel, and it has arranged. 

[0106] 47. One field of a substrate was made to arrange in parallel two or more optical means, and it 
has arranged. (Hzing of optical system and the whole equipment can be carried out [ thin shape ].) 
[0107] 48. A substrate is transparent and it has an internal reflection side in part. (Since an optical 
path can be turned up in a substrate, thin shape-ization of the whole optical system can be 
achieved.) 

[0108] 49. The optical element and the image pck-up element are carrying out eccentricity mutually. 

[0109] 50. It is a simultaneously plane-parallel plate with a transparent substrate, and a part of field 
is an optical surface which consisted of curved surfaces. 
[01 10] 51. The chief ray or the optical axis is crooked. 

[01 1 1] 52. Optical equipment which has arranged plurality on one substrate at the non-coaxis 
among an optical element, a shutter, drawing, a display device, and an image pck-up element. 
[01 12] 53. It is optical equipment which has arranged an optical element, a shutter, drawing, and the 
image pck-up element of at least a non-coaxis [ element / element and aforementioned element / 
which ] of a display device on one substrate. 

[01 13] 54. Optical equipment which has arranged further any they are among a display device, an 
image pck-up element, and other optical elements on the above-mentioned substrate while allotting 
the optical property good light variation study element on the substrate. 

[01 14] 55. Optical equipment which has arranged further any they are among a display device, an 
image pck-up element, and other optical elements on the above-mentioned substrate while allotting 
the movable optical element on the substrate. 

[01 15] 56. Optical equipment which has arranged further any they are among a display device, an 

image pck-up element, and other optical elements on the substrate which has a reflector. 

[01 16] 57. Optical equipment which has arranged further any they are among a display device, an 

image pck-up element, and other optical elements on the substrate which has an infrared cut-off 

filter. 
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[0117] 58. Tabular image pck-up unit characterized by arranging an image pck-up element and an 
optical element in the front face of one transparent substrate at least, and having an image pck-up 
function. 

[0118] 59. Tabular image pck-up unit characterized by the image pck-up element and arranging one 

or more of a diffraction optical element, a curved-surface lens, and sculptured surfaces at least, and 

having an image pck-up function at the front face of one transparent substrate. 

[01 19] 60. Tabular image pck-up unit characterized by the finder, the image pck-up element and 

arranging one or more of a diffraction optical element, a curved-surface lens, and sculptured 

surfaces at least, and having an image pck-up function at the front face of one transparent 

substrate. 

[0120] 61. Tabular image pck-up unit characterized by the image pck-up element display, and 
arranging one or more of a diffraction optical element a curved-surface lens, a sculptured surface, 
and finders at least and having an image pck-up function at the front face of one transparent 
substrate. 

[0121] 62. A tabular image pck-up unit given in any of the additional remark term 58 characterized 
by using a lithography process in a manufacture stage, or the additional remark term 61 they are. 
[0122] 63. A tabular image pck-up unit given in any of the additional remark term 58 characterized 
by having an adjustable focal optical element, or the additional remark term 62 they are. 
[0123] 64. any of the additional remark term 58 characterized by the aforementioned transparent 
substrate having the infrared cut-off filter effect or the additional remark term 63 — alike — the 
tabular image pck-up unit of a publication 

[0124] 65. Image pck-up equipment equipped with the tabular image pck-up unit given in any of the 
additional remark term 58 or the additional remark term 64 they are. 

[0125] 66. Personal Digital Assistant equipment equipped with the tabular image pck-up unit given in 

any of the additional remark term 58 or the additional remark term 64 they are. 

[0126] 67. Adjustable refractive-power optical element characterized by the bird clapper from one 

transparent substrate and the macromolecule distribution liquid crystal formed in the front face. 

[0127] 68. Adjustable focal optical element characterized by the bird clapper from one transparent 

substrate and the macromolecule distribution liquid crystal formed in the front face. 

[0128] 69. Adjustable focal diffraction optical element characterized by the bird clapper from one 

transparent substrate and the macromolecule distribution liquid crystal formed in the front face. 

[0129] 70. An optical element given in any of the additional remark term 67 characterized by making 

the weight ratio of a macromolecule to liquid crystal 25% or more, or the additional remark term 69 

they are. 

[0130] 71. any of the additional remark term 67 characterized by the aforementioned transparent 
substrate having the infrared cut-off filter effect, or the additional remark term 70 — alike — the 
optical element of a publication 

[0131] 72. Image pck-up equipment which equipped the additional remark term 67 or the additional 
remark term 71 with the optical element of a publication. 

[0132] 73. Light source optical system for light guides with which the whole surface is characterized 
by having at least one optical element which a beam of light penetrates, and in which the side 
reflects a beam of light on a concave curved surface at least. 

[0133] 74. Light source optical system for light guides with which the whole surface is characterized 
by having two isomorphous optical elements in which the side reflects a beam of light on the 
concave curved surface which a beam of light penetrates. 

[0134] 75. Light source optical system for light guides with which ends are characterized by having 
the optical element in which the side reflects a beam of light on the concave curved surface which a 
beam of light penetrates. 

[0135] 76. Light source optical system for light guides given in any of the additional remark term 73 
characterized by filling the following conditions (5) and (8). or the additional remark term 75 they are. 
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Sin phi=coS alpha/n ... (5) 

0.6x{(1-cot alpha-cot (alpha+phi) )/cot} (alpha+phi) xh<=t<={(1-cot alpha-cot (alpha+phi) )/cot} 
(alpha+phi) xh+5 (D / 2-h) 

- cot (alpha+phi) ... (8) 

However, for 1/2n of the vertical angle of a DCC lens, the refractive index of a DCC lens and h are 
[ the angle and alpha as which phi is defined by the formula (5) / the inside web thickness of a DCC 
lens and D of incoming beams quantity and t ] the diameters of a DCC lens. 

[0136] 77. Light source optical system for light guides given in any of the additional remark term 73 
characterized by filling the following conditions (5), (7), and (8), or the additional remark term 75 they 
are. 

Sin phi=cos alpha/n ... (5) 
D<=3h+5 ... (7) 

0.6x{(1-cot alpha-cot (alpha+phi) )/cot} (alpha+phi) xh<=t<={(1-cot alpha-cot (alpha+phi) )/cotl 
(alpha+phi) xh+5 (D / 2-h) 

- cot (alpha+phi) ... (8) 

However, for 1/2n of the vertical angle of a DCC lens, the refractive index of a DCC lens and h are 
[ the angle and alpha as which phi is defined by the formula (5) / the inside web thickness of a DCC 
lens and D of incoming beams quantity and t ] the diameters of a DCC lens. 

[0137] 78. Light source optical system for light guides given in any of the additional remark term 73 
characterized by the cross-section configuration of a beam-of-light injection side fulfilling the 
following conditions (9), or the additional remark term 75 they are. 
1/f**(n-1)/R ... (9) 

however, R was taken as the curved surface which has a convex lens operation among the members 
which divided the DCC lens into two — on the other hand, the radius of the convex curve of the 
cross section of a member — R and n — this — the refractive index of a member and f are the 
focal distances of a condenser lens omissible by this 

[0138] 79. Light equipment equipped with optical system given in any of the additional remark term 
73 or the additional remark term 78 they are. 

[0139] 80. The manufacture method of a spherical lens array consider as a means to align a 
spherical lens densely on a substrate, and using the self-accumulation phenomenon. 
[0140] 81. The manufacture method of the spherical lens array which it considers [ array ] as a 
means to align a spherical lens densely on a substrate, and vibrates a substrate or a spherical lens. 
[0141] 82. A method given in the additional remark term 80 or the additional remark term 81 
characterized by a spherical lens being glass. 

[0142] 83. A method given in the additional remark term 80 or the additional remark term 81 
characterized by a spherical lens being a resin. 

[0143] 84. Lighting optical system which equipped the additional remark term 80 or the additional 
remark term 81 with the lens array manufactured by the method of a publication. 
[0144] 85. Lighting optical system for endoscopes which equipped the additional remark term 80 or 
the additional remark term 81 with the lens array manufactured by the method of a publication. 
[0145] 86. Lighting optical system for microscopes which equipped the additional remark term 80 or 
the additional remark term 81 with the lens array manufactured by the method of a publication. 
[0146] 87. Back light lighting optical system of the liquid crystal display element which equipped the 
additional remark term 80 or the additional remark term 81 with the lens array manufactured by the 
method of a publication. 

[0147] 88. The image pck-up element which equipped the additional remark term 80 or the additional 
remark term 81 with the lens array manufactured by the method of a publication. 
[0148] 89. How to fix to the additional remark term 80 or the additional remark term 81, using 
adhesives as a fixed means to the substrate of the spherical lens manufactured by the method of a 
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publication. 

[0149] 90. How to fix by inserting the aforementioned spherical lens into the additional remark term 
80 or the additional remark term 81 using another substrate as a fixed means to the substrate of 
the spherical lens manufactured by the method of a publication. 

[0150] 91. How to fix by heating the aforementioned spherical lens or the aforementioned substrate 
as a fixed means to the substrate of the spherical lens manufactured by the method of a publication 
in the additional remark term 80 or the additional remark term 81. 

[0151] 92. The spherical lens array manufactured by the method of a publication in the additional 
remark term 80 or the additional remark term 81, 

[0152] 93. The manufacturing installation which manufactures a spherical lens array by the method 
of a publication in the additional remark term 80 or the additional remark term 81. 
[0153] 94. Tabular image pck-up unit which arranged the image pck-up element and the optical 
element in the front face of one transparent substrate at least. 

[0154] 95. Tabular image pck-up unit which arranged one or more of a diffraction optical element, a 
curved-surface lens, and sculptured surfaces in the front face of one transparent substrate at least 
with the image pck-up element. 

[0155] 96. Tabular image pck-up unit which arranged one or more of a diffraction optical element, a 
curved-surface lens, and sculptured surfaces in the front face of one transparent substrate at least 
with the finder and the image pck-up element. 

[0156] 97. Tabular image pck-up unit which arranged one or more of a diffraction optical element, a 
curved-surface lens, a sculptured surface, and finders in the front face of one transparent substrate 
at least with an image pck-up element and display. 

[0157] 98. A tabular image pck-up unit given in any of the additional remark term 94 characterized 

by using a lithography process in a work stage, or the additional remark term 97 they are. 

[0158] 99. A tabular image pck-up unit given in any of the additional remark term 94 characterized 

by having an adjustable focal optical element, or the additional remark term 98 they are. 

[0159] 100. any of the additional remark term 94 characterized by the aforementioned transparent 

substrate having the infrared cut-off filter effect, or the additional remark term 99 — alike — the 

tabular image pck-up unit of a publication 

[0160] 101. Image pck-up equipment equipped with the tabular image pck-up unit given in any of the 
additional remark term 94 or the additional remark term 1 00 they are. 

[0161] 102. Personal Digital Assistant equipment equipped with the tabular image pck-up unit given 

in any of the additional remark term 94 or the additional remark term 100 they are. 

[0162] 

[Effect of the Invention] As shown above, according to this invention, it is small and parts, such as a 
unit used for optical equipments, such as cheap image pck-up equipment of cost and observation 
equipment, or them, can be realized. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the 1st operation gestalt of this invention. 
[Drawing 2] It is drawing showing the 2nd operation gestalt of this invention. 

[Drawing 3] It is an enlarged view near [ which looked at the optical equipment of drawing 2 from the 
upper part ] a micro shutter. 

[Drawing 4] It is drawing showing the modification of drawing used for the 2nd operation form of this 
invention. 

[Drawing 5] It is drawing showing an example of the image pck-up equipment using the liquid crystal 
adjustable mirror which has arranged the liquid crystal variable-focus lens which is example with the 
another adjustable focal mirror which is one of the optical property good light variation study 
elements as a modification of the 2nd operation form of this invention in the front face of a mirror. 
[Drawing 6] It is drawing showing the 3rd operation form of this invention. 

[Drawing 7] The low pass filter of the pupil assembled die which consists of two flat surfaces which 

have a twist relation with the perspective diagram of the low pass filter used for the image pck-up 

equipment of the 3rd operation form of this invention is shown. 

[Drawing 8] It is drawing showing the 4th operation form of this invention. 

[Drawing 9] It is drawing showing the 5th operation form of this invention. 

[Drawing 10] It is drawing showing the 6th operation form of this invention. 

[Drawing 11] It is drawing showing the modification of the 6th operation form of this invention. 

[Drawing 12] It is drawing showing the 7th operation form of this invention. 

[Drawing 1 3] It is drawing showing an example of the image pck-up equipment of simple composition 
of coming to combine a lens with a leg, a transparent substrate, and a solid state image pickup 
device as a modification of the 7th operation form of this invention. 
[Drawing 1 4] It is drawing showing the 8th operation form of this invention. 

[Drawing 15] It is drawing showing an electrostatic lens as other examples of the moving lens used 
for the operation form of this invention. 

[Drawing 16] It is drawing showing the 9th operation form of this invention. 

[Drawing 17] It is the composition schematic diagram of the self-propelled lens used for the 9th 

operation form of this invention. 

[Drawing 18] It is drawing showing the 10th operation form of this invention. 

[Drawing 19] It is drawing which saw the sculptured-surface prism used for the 10th operation form 
of this invention from the upper part. 

[Drawing 20] It is drawing which saw the sculptured-surface prism used for the 1 0th operation form 
of this invention from the body side. 

[Drawing 21] It is drawing showing the 1 1th operation form of this invention. 
[Drawing 22] It is drawing showing the conventional example of a digital camera. 
[Drawing 23] It is drawing showing the 1 2th operation form of this invention. 
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rPrawing 24] It is drawing showing the 1 3th operation form of this invention. 

rPrawing 25] It is the cross section of the finder section of the 13th operation form of this 

invention. j- ■ 

rPrawing 26] It is drawing showing the 14th operation form of this invention. 

rPrawing 27] It is drawing showing the optical element used for the 14th operation form of this 

'r'prawing 28] It is drawing showing the state of the liquid crystal molecule when applying voltage. 
rPrawing 29] It is drawing showing the modification of an optical element. 
fPrawing 30] It is drawing showing the 1 5th operation form of this invention. ^ 
fPrawing 31] It is drawing showing the adjustable focal deflection flannel mirror used for the 15th 
operation form of this invention. 

FPrawing 32] It is drawing showing the application of the adjustable focus POE. 
FPrawing 33] It is drawing showing the conventional example of image pck-up equipment. 
FPrawing 34] It is drawing showing the conventional example of the light source optical system for 

FPrawin'g35] It is drawing showing the relation between an incident angle and incident-light intensity 
in the conventional example. 

FPrawing 36] It is drawing showing the 1st example of light source optical system. 



FPrawing 37] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 7] 




[Drawing 8] 
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[Drawing 9] 
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[Drawing 1 3] 




[Drawing 16] 
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[Drawing 18] 




[Drawing 23] 
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http://www4.ipdl.jpo.gojp/cgl-bin/tran_web_cgi_eije 



10/28/2003 



Page 6 of 12 




11 



[Drawing 19] 



55 




[Drawing 201 
eo Ri 




[Drawing 211 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejye 



10/28/2003 




http://vvvm4Jpdljpo.gojp/cgi-bin/tran_web,cgLeije 



Page 8 of 12 



1 




f ^' — — N 
r-1 f-l r-i IJJJJJ 







6 



rPrawing 27] 
19 16 19 




[Drawing 30] 
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[Drawing 311 
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[Drawing 37] 
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3>»si 8 7StH]^{3iDxb^ t;u^ 3- 
{cJ:■pTJ&J5E$^^Tl/^■^.. -^-^ i/ui^y^^i^—l 8 8 
fix ^J^^i^ 1tl8¥l 0-3 9 2 3 9^®E8, S9{C 
^ ? n T t ^ S <t a *: + ^' — & afe^ b :t *> © S ffl V ^ 5 

[0 0 17] m3ti:m20^^Mi:±:&if'^M.rc. V 
^■oj^-\";'^'— 1 8 8{\|-jE©lifi:^g|-e$)So v-fi^D 
8 8tt. 11^«1S1 9 1 9 2® 

^n^n{3i8!(t?>nfe«@i 9 sizmftm^-^^^zt 
iz^^x. mm^±ix-=.-^(om^mi 9 2s:fe^tcMv> 

— o©j(g:)teffil 9 2(D^fl-^tliZ. ffe^CDji^tetS 1 
9 2 fc:iE^^ii^!l©^^^^tH^JBOIag|J^ig^t^ A»ontfcCD 
P < 3A 

5o ^ (1) *«tfe-ri:&> '^/'TX h*V5^>y^«i^2 

P < 1 5 A 
[ 0 0 2 0 ] El 6 tt^ *l6Wom 3 ^JfSJfJ^* 5^^-13 T- 



jg^ffi 1 9 2 SlgjtV^tClftM b-Cx ilgJtte 1 9 2 Sr^tp 

ffil 9 2Sro^C:fflli*i«5^-^^'^— i:'B:5<fc^t:'5:-3 
@©1 9 6a:+-©«ittS;^;?.2>ci:*ST-^2. 
Xolzta^XiS^. ^n{c#v^. --:>cDig)t« 1 9 2{i 

9 214, ^^CgHbfc^K:ttE2K:5^-riac^:J>a3&: 
SJ:^{caSt^•3;^^TV^5. v-r ^oi^-^'-y^- l 8 8 
{4. U v^J^^^-f-XD-bxfRftf^S 2. @f*;JS^^ 

feS. J&ifex V'f ^DS^-^y^-1 8 Siibttt, ±IB 
IJi^t*), #gB¥ 1 0-3 9 23 9^cD04 7 iZ^^-TX 

llSKf^®o«^S^cfflv^;^)5^•VM'^-i:b•t^ sm® 
i^A'yiJ'-&lS[f^b-c, :in*i'U3>»«i 8 7CI9; 

abT*)i^^. 

[0 0 18] *fc. *IMJ.«©Ji^SgS, «f!l^{4> 
m 2 J; a giMtiK t) 1 9 7 &©tt&«fiEi: b 
T*»J:v^. 1 9 7i:bTt4x ^^f 7CD^> 
X{-fflv>S J:^'5:*i:^^!3T-4)J;<, Sfe{4> ia4{-?N 
■rJ;a'5:«l»®?tfe^+S«rX^^' F ? # S J: ^ *«|]E£ffl 

B^^K^)•C•fc■^•rt)J:v^. m*}t.\^Xti:. 
o->-v>;'^— 1 8 8i&«?t) hbTCft^SSY^^*, 

-&fflv^■c«fc■r<t•5K:b■r^)J:^^. 

®««l^a*x «fil5 4. ^-7-19 0, v^i'Di/-\' 

>y^-18 8, fi^lS^S 5CD'>«:< 

tbTf^fJ, St)©SI5*Ji:Jtf::-o©»1g±{ci2®b>t 

:^figi:bT4»J;v^. *3IJE?BjicDJi^^S^x 0 

1^115 2©SiJ®-^Ji: bT. ^S^oI^^^P>XS:^^ 

-(Dwmizmm.i^tz.mm^^K^-2 5 2^^EaS;bfc 

)BJ5^i;bt4»J:v^o 

[0 0 19] laSttx «iSqrgE55-2 5 2^fflV>fc}S 

^^B©-fii^j («^^a2 5 3) t:m-tmxti>^o MS 
■51^^7-2 5 2{i. mmnM2 5 4tyU^JV\y>X 

^(Dm^2 5 5®^®fC3- b$ilfeSfii2 5 6 iKDm 
lZ^i^^7.Y^^^^y^WL^2 5 7 ^mWiVTzmmt^^ 
Tv^5. X h^-7f=->y^*Ka2 5 7CD^>■i■^t:^'5=■ 

Ptt, 

• • • (1) 

iftrtt. 'J/'fX h;|iV^yi/«[^2 5 7©^)■B■^e^yf" 
PAS. 

• • • (2) 

;4i:|ISSff^li©>te^^S 2 0 414. Sii§S«il 9 8 
tCSItSLCD 19 9, Slt«[5 2, a«:«lfeSS? 5 5 



(4) 



iHfM¥ 1 1 -3 1 7 8 9 4 



Siftit, i>»o3fc?£:roy^-e*SS*ltt®7'UXAl 8 

9 &iia^-B-fc«fi!ti:«;oTv^5. mmmi l 9 8 Cti. 

j>t;^^?T-feSU>X2 0 0^ D— /t;^7-<;b^5'-2 0 

1, I c 2 0 3*)^t)-a-ri8;Jte>ix-ri>»3. ^ti^>{c^ 

»3SBJ^rf:^ttJ^=^5'h2 0 2*Jf$facb-CV%S, IC20 
3{i, HWSLCD 1 9 9, SI*M5 2, 

5 I C. $.5i>l±$fm M»:$rfT^ 

a CPU. 'J-^CDMie<&*)OL S IT-feSo Sfli; 
»^^?5 5. Hlt^5 2. SitMLCD 1 9 9, IC 

2 0 3 ^^^^nslJi^ts^^•^bT^ sesats 1 9 8k: 
> (' 9 8. 1. 1 AitmBrnm) ^^uniii^tmm 

[ 0 0 2 1 ] H 7 {i. *ieSi6}i^fll©^;^^B 2 0 4lzm 
v^i>D— y^x^-r;!/^— 2 0 1 cD^t^EitrfeSo a— 
>^ 7 2 0 ffi^f!ls©o— y -f 

5, C®D-/^;^7'f ;i';5'-2 0 1 *)^^^?® 

Sit. :!tf^;^XH:«^i^D*-;^^•T•#:5©*sav^. 
[0 0 2 2] *IUig)K<iCD^^^M 2 0 4 {±. ^tiS. 

ZL-^)/ h 2 0 2CDil:*{c|S!(^;5Ci:*ST-#Sii^'r% iRH 

cDwiE*s u-^-r < ^ la 2 c33^-r3iflsjg«i©a^^= h 

{±. 0iJ^{il'>X2 0 ObcD<k^(;:. SB^gUMcDSSC: 
ft®H*0^fli^jl2 0 5!£fi!i>)o(t-Cf^oT*)<tV%o C 

[0 0 2 3] la 8 {i. ^mM(Dm 4 H^^^^NfSlT- 
feSo *SIISJf^ffi®^^^M 2 0 7 tt. mmtjitR^^- 
>y h 2 0 2 tm.^-:^-'^ h 1 8 6 t^m.^-^ ^ ^ tiZX 
^)«lJ5!c$^^TV^S. «ti3, SBSSIRl 9 8 i:ttS'J<*:{ci/ 
>X2 0 S^aSltSi:. itSJilffllEOg SjKAs^;?.^® 
T% JRMWlE±«*JT-feS*^x l'>X2 0 8JiaS{t3&< 
Tt)J;V>o SBg36:«4JiJ.->i' h 2 0 2{C{±. 7^^;^XV 

-2 0 9. I C2 0 3*siS!jte>tv, $ e>tc^iRv >Xtt 

^Bt3J;!3S^ftb/tU'>X2 1 0, 2 1 1 *s^{t e>*xTV^ 
i.. tji^i, l.>X2 1 2tt. SBJStRl 9 8SlS[#-rS 

f^iz^-)v }'(Dikmx'mm&^ i 9 8 iz-i;^m-^:snx 

M 8 6tt. EI 2 tS"xt-iUIKBS8©« 
h 1 8 GhlBiati^filc^tlTV^S. mgP2 1 
4 it. ^i>fe^K^<fe«)CDMV^Jg>feffl©MT-S•3^ Cr- 

trtsbT. swa«i9 8cD«ffl> mm. rtsutc^itn 

[0 0 2 4] 7=-<;^XU'-2 0 9(D-mX-$>^mB7'^ 



2 0 7li. a^^Ji^^?5 5. 7^'fXXb-2 0 9<&^ 

5«k»)t)=iXhi)«Sf<-?$S. «:*>\ *IUi6JK®®ifc^ 
2 0 7 ©jgBSSIg 1 9 8fe5V>{±U>X2 1 1 ©$J 
Wlzm^^Mi^m^^fz-^X. m^:)t} ^> h 7 ^ 

3X{iU'>X2 1 2X{±2W»IS1 9 8i$<O0mtzm^ 

mmm<D^^m^ 2 o 7 {±. B<*ffi^^? 5 5 

[0 0 2 5] 09H:. **R9®^5SI«6J^<S*^i-|a-t 

$.5. ^mMmm<D^^ms.2 4 ett. tgtt^-^y h 2 

4 5i:gSffl®XUXA 1 8 9i:*m-&iJ-5::ht3j:t) 
^fiX^ti-CVN^o h 2 4 5{i. -oO«tg2 

4 0®±t3. <SaSO'>U3>^iP^3B:5atg2 4 1 
Mit^S 2i:^^-l 9 Oiiv^^^DS/i-.^^— 1 8 8 
^fl^figbfc^Stt^- h 2 4 3 i:. 0 3 

e'&SaiS 2 4 2 (caffi2 4 0 i: I C 2 0 3 <&fl5££U& 
h 2 4 4i:SEffi!U■r«)5K^f^^TV^S. Hi*: 
5 5s I C 2 0 3 mitMS,m<Dty U 3 >±f^ 
V'>i:Ji^^!£Ulc< v>*s. 19 0. v-r i'ns>'-v>y;5' 

-18 8. St>rM5 2m<Sffi«Oi^U:3>T-t.<tV^. 
*IISI0l^^©3te^^S2 4 6tcj;n«. 3fe^Ji-:^'y 
$>?.«tt-3.->> h 2 4 3, 2 4 4*aK®M'5:SS'J<l© 

a&i«5)-rc:i:AST-^. nx b±«*iJt-$.5« gSffl® 
XUXA 1 8 9CI±. S2 4 7, 2 4 8 ij5|8;{t e>^^t*^ 
^3. JE247, 2 4 8{i. «K«a^>i; h 2 4 5i;-«:fb 

■rsii#. #®M©:Jfc^s<j*$sma©ia:ttfisa DICKIE 

[0 0 2 6] HI Ott. *^flB©Sg6SyiBl$J!l&^t-0 
7?$>S. *^Ji5^©Jt^^tta:. gSfflBXUXAl 
8 9 lzm.^^~ >y h 2 4 3 tmi^i^^m^ 55t 

i^';n>^*>e,^t5a«2 4 l*»^.^(BlbT^fi!obfc© 
-e. SWi^^^^S 5i:bTTl5IE©CCD^&ffio::i: 
#T-t. zi:7.ht:iS.mir^Zti}^X-^io «t*5. H^^b 

^:bTfflv^5i:^v^. 

[0 0 2 7] :^mmmmizii\^^x&mm5 2tK 

5—1 9 0 i:v>f ^'DSz-Vf iJ'-l 8 8i:*— tSf©»tg 

±{cEst- mi 1 tr^.-ridtc. ^ix-^-n 
mt^Sfifflsx'jxA 1 8 9©j^ffliciaauT*)j; 

V^. 3©i^^. SMM5 2. $5-190. x'-T ^ D v 

+ y^-i 8 8^©jie^SBass'J<inf^S3fc3&s-e#s 



(5) 
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[0 0 2 8] Sfe. Ell 0t5'%-rJ:-5{c, H^mSR? 

-2 4 9?£iE®frt)fil^<, -T-f ^D^'-^>;; 

^-1 8 8{iiK?)i:LT»#^f-B-Ct)«tV^U M^i^-V 
^ - 2 4 9 i:^t>-a:T y ^ - i: bTKlf^^-B-t t) 
feSVWi, V'f ^'D^'-v^y^— 1 8 8 4®V^■r^ 
-> ^ 'V ^ - 2 4 9 B<*ii^^? 5 5 (Dm'Piy f 

^'^rni^-v..j»^5^-l 8 8&«v^fc«fiKi:■ri^lf, 

[ 0 0 2 9 ] S 1 2 i±. ^^BM(Dm 7 ^JKSgS5^s1-S 

CD-«»JT<feSS(«f§U>X2 1 6^?8tliftcm^tt3:-:>X 
3fe^^S2 1 7{i. S<>f^^>X2 1 6® 
flfeK:> SB^a«19 8C. B<*:«^*?5 5. gSttffi 
rUXAl 8 9S:«a^•a:fc;^fiEi:35:-pT^^S. MfttW 
>X2 16H:, U>X2 1 8CDTfc7U— 
T^'f IV (M. C. Wu, L. -Y. Lin, S-S. Lee, K. S. 
J. Pister M Sensors and ActuatorsASO (1995) 127-1 

34 <D^-( ^o^'»iimmx'i'?^rz&2 i 

9tfm^T«!J5^$^^T^^SS2 1 9{i, ^iEOiai 7K. 

mi-mmi 9 3b{c:ffl^-rs. »m^;bT':^7-Y K-rs 

Sfig 2 19b (HIS) {CgE^^nXiJ t) > 2 1 9 
bi^;^^-^ K-rsci:tii»). El 3{c^x-r^0As^^b 
■r5<t^tf^?>nTV^S. S2 1 9i:®3iEj^RP, , Pj 

tt. :fte*sgsfb-rsi:§> as^atg 1 9 8 ©affl±*i6 

< .tai-JfeoTV^-S. ^bTSf^§P>X2 1 6{i. S 
2 1 9©^0^^;ITW>X2 1 BLmm&WLl 9Qt 
©ggjSI Z KE^ S 3 i: T- > MSSibST- ^ S J: -5 K: «: ^ 
TV^^So tj^H. 01 2 tZg^x-TiSB^StE 1 9 SfcSSft® 
XUXAl 8 9i;©ra{w(±s ^f$i)^e.®^6 Oi5;^A5C 

T^^s. El :ifimB&mm<Dmmt.vxs. 

ft g 1/ >X 2 1 6 iiSB^Sfie 1 9 8 i:®^*:^^^ 5 5 

CO 0 3 0] 01 4tt. *l6W®^8||MII^JS^tg^1-E 

Xs 'Ti^i'j]^ij^^(Dy7-(y^'—im^LX\^^^o :$i 

mmmm(Di/t^&m.&. mi 2. sis ^z^^•rs.^i;t u 

>X2 1 6©W>X2 1 8^^^-2 1 8BT-*5tA>^ 
tz&itft 5,^-2 1 6B;fe^ii^fe«!fiEi:75^oTV^S. «: 
*IISIiJKSI©5fe^Sgti. SM&^^-2 1 6B® 



ftbCs SB^Sffil 9 8i:U>X2 1 1 i:3!pe,75:S«4^j2. 
-•vM8 6i:^ gSfflS^UXAl 8 9S^1^T^^ 

Ti^-2 1 SBtmBM&mi 9 8i:®gg|8tZ?&^^5 
3 i: •cmSPlE*^T55; o i: tf-e # S J; 0 1: Jfc o T ^^ 
S. 

[0 0 3 1] Kl 2. lai 3K:^t-S<ttl/>X2 1 6 

^4^ Rri&)te^^d^©-oT-*5oH&^>x®-«aii:UT 

fflVNfc4)®T-$)5^ "5116b >X®ffe®«a|tUTtt> »S 
byX*s$)5o 01 *^W®II^S^i^^{wffl^,^5pr 
S/U >XOflfa©fi^*^t-i>SW >XO#|filcMS0T-fe 
S. iB^SV'>X2 2 Ottx V>X2 1 8^ effi2 2 1, 

2 2 2. ^>/'?-2 2 3>5;if$r(ii;tfe«£!ei;;5:oTV^ 
C®»«U'>X2 2 Oji. «®2 2 1 i:l:^?i2 2 2 

t<Dm:^mm^mf?>ztiz^*). mm^tsx\yyx2 

1 8 1 9 8 i:©Bg®Bg«&|g^Tl^ > h^t> 

■a-, x-Kyifm\zm^^^^hii^x%^xo\z.tj:^x^^ 

So 2 2 3I±. vyX2 1 8<&a^L. 

ou>X2 1 8*s^i&-rsi:§®®^Siig|q-rScl;a{c 
^toT^r^So «:43. lx>X2 1 8 &ia 1 6 tg^-Ti 55& 
^ ^-2 2 5tC*5§35)^^TqIiJ^ ^-2 2 6 Ctv 
<£*^B8®^?i^J^tCfflV^SaIl&^^^^^i; UTt) J; 

[0 0 3 2] 0 1 6 H:. *isw®^ 9 ^Wimt-^n<-rm 

T-feSo *^?i^^©^te!^^g 2 2 8 tt. 
>fe^^^^©-oT-S.SSWI^5 2. aja;^!^«^®-o 
T-feSpri&5^-2 2 6x "pHlJ^t^^^®-oT-^5oI 
iau>X©-0!|TfeSgjtW>X2 2 7 ;fefii^Lfc«fi£i: 
«:oTVNS. Sfc. )t^^g2 2 8{±. ^©{fetv-U^ 
>a«l 8 7 hSSffl®r';XA 1 8 9S^i^TV^:So 
^bT:>te^^S2 2 8H:. SMU 5 2 ®^;i^iSS. 
1/>X2 2 7^ ^ ^— 2 2 50{£[g$r^^5.rt:K:J;-:> 
T Z 0 0 M i: 7 * ;^ i: $:ff d c i: ^ S J: -5 ^ 
oTV^S. ^4b\ *^ff^^(CffiV>2>SE6ft®XUXA 

1 8 9§. 95^^^^?£l!SiR•r?.*^3|s^sfflv^-c55^^^*<i' h?* 

»;fe^fe-B-S<fc-5K:bT4.J:V%. gjtW>X2 2 7l4s 

0 1 7 tS^s-fJ; a t-v «^ 1 9 3 a , 1 9 3 b i:. 

1 9 3 b{ca;S^nfcU'>X2 1 8 i:;£i)ix.Ti(t^$^n 
T*t)> < Ut>i®— oomfill 9 3 a, 19 3b©P^(c 
S{lillS#i?.T»aStilTmffil 9 3b{CHS$ixfcU' 
>X2 1 8<&l&A^-r^i:*ST-ti.J:^ir55;-pT(.^So 

[0 0 3 3] i:C5T-v jfi:^. 7'i^^;i'*p(^®/jNS<b 
4ss*tLT43t), ?^v^*-^•S®7=^^^;^:^^^ 

^cet£5i$®^te^i^ ^;s^^4«a^■^•fcs^fe^gT-tt/J^s<b 
i;^;^*^7^{cffl^^ss^^g. 3fc^^g«:S«1-s 

[0 0 3 4] Bi 1 8{±. *:i8B^©^ 1 omsmm-^Tr^t 



(6) 
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•^tzmm^-^y h 2 3 1 SfflV^T5^S^^;^*;>^ 7 2 3 2 

^J;i«JSg7^^;^7'P-:feif<Z)7^^>^rU'-2 0 9 

^23 2{i, Jg^^^y h 2 3 1 7 2 3 

2 ®JP$;&iaii:5Fff *:;&lpltc{Si[®-r c 
J;at::5&^TVAS. EI 1 9> 02 Ottv gfi 

{4g*ffl®7"UXA2 3 OS±**e>*?*'fc0. ia2 0{± 

asft®ruxA2 3 0&i^<*:ffiyA»e)*^fcK"T?feS6 i 

fift®XUXA2 3 0!4^ <^{f.i!s^^(Di^6 O^RmWR 

^{3, sitiiR 2 •cRm^tixmim^M'P 5 5 i:ifg«i 

«:iP?>gSa®X«JXA2 3 0CCAf>f-r5AM?fc6 Oi: 
gB&a®XUXA2 3 0<£m«LTa^««^^5 5{C 
At* -r S ilfiillm i: l^n® {c Jfe s J: -5 C i ft ft iS 
X';XA2 3 0®JI^*rtn«x T'i^^;!'*^^ 2 3 2© 
»$S@^*:a^|g?5 5©r|3Wi:Ii]fIjKtc^aYb1-SC 
i:*»T-S5. *:4b\ aSttSX'JXA 2 3 0®*»i3 ?) 

>X. XUXi., 0 2{C^-r^fc!*XD^y<57 1 8 9®J;o 
Jfe S *ft® X U XA«©^^SI^S1BB LT:)t^;F.S:J^ 
fi8UTt><tV%. ttz. gSftSX';XA2 3 OCD^fcg&tp 
®®(C, «y h-t?>'^mm2 3 3 ?fe^ltT?S^^ 

[ 0 0 3 5 ] 0 2 1 e^^iaon 1 1 mmmm^^s-tm 

^■^fflS^Ji:::-^ M 8 0 <fefflV^T5=i?^';^Ap< ^ 2 3 
^ 2 3 4{i, /JxS07*2^^J'Jl/*;«{ 7ffl*g|fea.ci^j> h 1 8 

2 3 4{c:J;n«, 'h^(Dy'i^i'JVit]yt^m»^^ 
M 8 0*5, m*»?>®ASt>t6 Oi: 7^ 
^ 2 3 4©^p$:5-|pii:ASie3£-rs J:o^^BBS$^^T^^S 
•7^i;^;b*^'7 2 3 4©iP^S#<1-S^i:*^f 
^5. tjiH, ■7=i;^';i'*p(7©fl^^{c{4, 018, 0 
2 1 tZ^-rm^J.-y HOftet. *^qS(!D«tt:2.:i 

CO 0 3 6) if7^3|-*p{ 



^B^T- (i'jNMT 3 X b ©$v^s^^s^fe^ss^l«■r s 

[0 0 3 7] ±i3ifi<JS^1-5*l8BJCD^^Sg{4^ 

i: t J; t) a^^^ifg 5 «fc a -5 T v^ 5 . 
[0 0 3 8] 0 2 3 (4. *^B^©^ 1 2 ^?l5^^£;fs-r 

^1 2mmmm<DM^mm:ii. ^ 

X^X^2'i'^A»?>)Ei:i.-«t©SBJ»K3 0M® 

M^Mx-mm-^tii>mxti*). ^^e^iz, Mi^m^—m<D 
fflttx s*f<^ffls Mi^^■^ffl©v^■ri^^3 4)ffl^^e>^^i.. * 

SISKJi^^-^H:, la^U^ev^ifel«l:4>e>Oit7' H:g6ft® 

tis esffl®6-es«u @mi^^^i±{3ie^-r 

@6ftffl4. 6, D 0E5X- ^(DmiEifiia^^tiX 
v^S©T^ @#:aife^^^lHH:3ia©^>XlSt?i^^b 

b-r t) J: a<*:aiife3fs^ i ttsreattg 3 ©±fc:isgj 

^{cH:a#:a^^^ 1 ?£SiJfS{;®<^b-r*5§fei:T-iSBJ 
*t63 fc— '«:Ybb-r*) J:^^. fe5v^H:, E^b■C^<^55;^^ 
*s> y h 7 ©^SPt;: W >X^©gPffiSiiAD 

b> ^*t?> h 7 fc-Pii^ftttg&WrS 

j:ac«fieb-r<fe J;v^o 

[0 0 3 93 0 2 4j±, *^^©^i 3mmMmt:mi- 
mx'^i> mi 3mmMm<D^^mmiti. mi 2mmM 

8. ilSHlES© I C 9 . v^i^DXD-b^iT-y-l 0 i:— *t 

{csBaMR3®±{cj^figbfc, mmnnmM^^m<DJ. 

sS^©^tg54.oI C (LSI) =&-*ttcff^J5gbT4> i 
V^. iSWa«3 ttt^^^l^^g®7T■1'>^- 

l l^rMl^X^^o Ztlli. SB^»tg3±{CMl?fis$ 
l9;ltfc;eit®18[*55;4)©T-t J;v^bx 02 5 {C33^-rJ:-5 
(3ilBSa*fi3©iigH{ClHIU>Xl 2, ifil/>X13S:^ 
{t. :*/';ix:tliaiiS©7T-Y>y-i:bfet)®?'^ifT- 
*)J;VA. mv>Xl 2, dbl/>Xl 3©a>J5: 

<i;*)-;^%Sl««ffi3©^SI5tCa9!Jt, SBa»tg3±© 
U>Xi:^t)-e-t7 7"f i:b-Ct.iv^« 

[0040] 026 tt. *^B^©ii 1 4 ■mmmt:7n-t 

0T-fe?.. ^1 4SIJfBB^©Jt^SS(i, ^>^^S©Rl 



(7) 
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aft® 6 if©fij[es«!»fifl«jK:i&A>+c t tt^nitetjfe 

M!^mmifioim(7i^^m^ 1 5 $:ffll>TV>So 0 2 7 
316^?:^? 1 5 ®-0iJS^ ig^^:9-M!c«tS 1 6 SfflV^ 
fcqI^«S;SDOE 1 7-efeS. Sre^ffil 8©'J>«;<i: 

mm I 9tmE$:*aiSi:M^^?2 OCD7?fRjtt0 2 8 

So bfe*s-DT, nr^^^DOE 1 7iia;EO0N. 0 

± (fei:^«2 5%iil±) t;*;* < t-n«{5JJHftfc«: 

T^feiO. *fc. 0 2 gtc^^-Tckdtcig^^^^tScMSl 
6©:&fflS©S*J;0^il^a«l 8 0&{il®HSft@2 1 
IZ\.X. U>Xf^ffl. JR||«iE{3ffll>Tt)J:V%. 02 7 

*ffl!lo®«:D0EBT-5&< 7U-^;i/®i:b-rt) J;t>, ^: 
©htDOE 1 1 litai&m^y V ^)v\y>xi:. x^xwm 
i-5o ^f^)tx E5 4fc:5^-^-<fc-5{::. i8ga*«18©*i 

[0 0 4 1] ^Tc. ±m i^tzm^mm. 3 . i s ^^55^^ 

-2 2fi. 03 l{c:^N-ri-5{::Sllt®2 3*sK:{*e.nT 

NA s ei 

[00441 lUTv ±f3®«6*i$^fforaM;iS&»g(ib^ 
Sy6^>^^^^CO^^TlftH^-^5o mi®fi!!|{±, EI 3 6 

m-tJ^ioic. DCCbvxS 4^iaiSrb> -^vrss*^ 
'&®^m®'5-^4"li»i:iliai:$:DCCW'>X3 4®<pi|® 
3 4' X'<D±mmiZX1r)Rm^-^. ^ifcU>X3 5KA 
it^-a-2,*)OT*2fe5. 5&43DCCU>X3 4i:{i, K.Ko 
no et al.rOpt. Rev. 4(1997)423. IZSimi^ib^ tti 

^*.4"C^®^fei^ai:J12®ife{^bi:&S!lEts m^\y> 
X3 5®jaia{C^i»aAS. *3teU>X3 5©4"C,Uc:i>fei^ 

t = { 1 — cot a • cot ( a + <i ) } 
sin 0=co8 a/n. 



*Jt)x «ffi®Rj^SX'f «;/5"2 4®ggffli7£:ttBl^SJjiL 
2 5t?433«i:5c:i:t<tot:7l/;^;i/® 2 6(DmVx±iifi 

^t>^(DX'5smM)^<Dyu^)vi'7—iii^xm^-t^o 

2 6®f^t>»)tD0Ei:UT*> J:V^, 
[0 0 4 2] 35:43. ±i3®IISSJB®t3:te{tSaI^^|,.SD 
0E17x 7P*;i/5^-2 2{±. h 7 

{3fflv^S®*^e^r. 03 2}3^-rJ;dta^©}g^s 

S V ^ H:;^ ? ® 5 ^fcT* ^ X ffl ® qJ^l^iS u > 
X. TV*^7. 7'f;bi;.p!7^-7^(c:ffiv^ 

i:x.{S::*;a*'f >=^D0N-6 0 5 : N- 1 (S^bfiS^ 
$B1 9 9 7^2^^p. 14~p. 1 8) l?;fefl|V^5i: 
9t^6^m:&^i)^iz^ < (An=0. 2 8 3;An(i3fc^ 

5) X ^SS®*5<SAJfg < , iSMO^;^*|0«J»)g|^*s 
•r-*«:*5J;v>o S?«i^^®thJ:oT*-5S^fg 
miiifeSV^{i7T'r>'^•X3-X. ®ttgi^©rt^a«[fe5 

[0 0 4 3] «e3lSStl5-ettl2l3 4fc:^^J;-5t, 7>f h 
ytf'f K3 l®#^sui::#3^Bl'>X3 2 Asjfei), •5>r3 
3*^e>©3fe*7'f hiS-f h'3 l©iig®{;^4i!>S idt^fe 
^>X3 3a:7>XW^^©:)feilgti;x«Siii^ 

^1/— tf^-r*. "p-i h-ff^ }F3 i<Dxmm(Dmm. 
izMi^xxm^ifitai-n^etL. xm^^mt: I t-t 
^t. e ti t(Dmmt.m 3 5 iZTjk-tjioiziSi^o i© 
miieizMvx(ni-^mt:^^x^*} eh (Dt^^x 

3fem*s«t<35:5©T-0tc:)6;S. Alf3fcm®ji«;^&%;t 
n«AW^fc^^;i/Jf-*sg>ct:teS©{±e = eL ®iE^ 
T-fe5. bfei^-p-C^'f h;tf'f K3 IttAS^^^L ©^ 
t:&mxi?>Jio. 

• • • (3) 

itmm:^) mmxim< (Siis^jfctto) tt-^a^x. n 

A®/J^$v^^-^ h:^'f Kt4)Afi©3tea&ei3lT'§x Hii 
ie©BgMife**»TSt-5. DCCL'>X3 4H:^f7 

X. X7X^>V^. rfA^CSB^f^SCJgKJ^feSV^ttW 
iJT-f1^5Ci:*5T-#5o 03 6{C^bfcffJ4^©DCC 3 
4A5Anxb{c< v>]^-^{i, 03 8{cg^-ri-5{c, -o© 
aJ*J3 6. 3 7{C^fiJbTf^oT*.«k<, il<{C|s]}fJ® 

-oosp#c^sijb"r#nKs*sftWT-^=jx hfl<j{c;s 

[0 0 4 5] DCC^>X©|gfffifiJ$riilT(C^N^o 0 3 
9{c:S^r«t-5t:x DCCl/>X3 4©4''t»ff$:t. 

X©m#©l/2S:ax «4*T§3jS; (5) T-^^f S 

• h/cot (a + 0) • • • (4) 
... (5) 



(8) 
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CDg|«g4^fe2>. •^-'Cn n=l. 5 3. h=12. 7b 
m. a = 4 5* tt^t. ^=27. 527'. t = 2 
7. 6 4 5ii«i:3Q:5*», D C CI' >X3 4®ilgD*. 

t ' = (D/2-h) • tan (9 0' 
bfcA^otx t = 2 8. 3 6 9iiimi:1-50tf J:V^. - 

Dg3h+5 



-^■^3S%#&&»T3 0ifflii;1-Si;. tttTIBiC (6) O 

[0 0 4 6] 
-a-«i) • • • (6) 

• • • (7) 

CO 0 4 7] 



(8) <fe}afe1-J:-5t:?*«>5©i)SJ:v%. 

0 . 6 X { ( 1 -cot a • cot (a + 0) /cot (a+0)}xh^t^ 
{(1 -cot a -cot (a + <^))/cot (a + ^) } x h+ 5 (D/2 -h) 



•cot (a + 0) 

^{if (8) (Drm^r^^ t^M^iO'i^^oiftMcD^^ 
.t^JP t H:±l3lfe('!= ( 5 ) . ( 8 ) SSSfct- J: a Cj^toS 

^:J:^^. 03 StC^sL-fciot^DCCl^VXa 4 

-c 3 6 i; 3 7a)-en-?'*xoft"C;»JP®ia;&i:*x{i±s3^f* 
(5), (7) . (8) &afflT§5o ifc. 04 OC 

7>7'3 3*»e>©StHi^m®'f"C^ge#ll<fe«tTLS-5 
1/f = (n-1) /R 

fe, iB];^{3^>r3 3A»^>®*^fc^^m*sI^If5^^-c•3fev^ 

i®^{±a5*r3 6 CDAWB 3 6 ' ®»i®m^<£ffla{C b 
X. aJ*t3 6rtSa53tem3!)SiFff3te«K:«t5J:^CbT 
feiv^o ±IB©flb. a5«3 6®WtBffl. SI5«3 8©Ai* 

[0 0 4 9] Jii±Hife^bfc^aS5fc=^m{-J;*X«x NA 

[0 0 5 01 ^^mM3fch•{CfflV^e.n?)5'f HfflO 
3fcii^B^3:fec^■C^ — J98!fl*Jt{iia4 2lc?x-rJ:^K:, ^ 

h:j!f'f H 1 0 4®Jiatc[H]U'>Xl 0 0<£BSB-rS3t 

<-rS3i:55:<E?t1ttt^&|qI±^-&S:&^i:bT, life* 

fiEiBt-ttia4 3c^-r<t-5t3. 3»tti/>xi 0 1 

1 0 2±ic2*7cat)i::TU'^tt{ca£'^fc^«u>xrv 

^' 1 0 3S^-Y h^y-f K 1 0 4©Jg®lcig;{t^7^ffiA5# 

-ri-st. i*)Ki/>xi 0 l*sfiSBtc^^•r•v^sc^:As 

M*bv>. b7!pb3:c-efflV-'e)nSimU'>Xttt!t//m 
i:b-cm:t»$:*Jffi-rs:&^*^#^6>nSA^. Kgl/^m 

iEb<!gyij$-B-s©{±«i«)tsiiT-feSo x^eg 



... (8) 

55;V^©•r•fe-5, b*»bv Z:©i®^*)D CCl/>X3 4C 

[0 0 4 8] ^2©^Jttx 04 IC^-TJloK:. DCC 
^>XS:-OC^fflbfc-:5©ffP«3 8 Srdil'^Xf'^ffl 
St)Oft®i:bfc*)©-CfeS. ;i©:©-&(±«:>tl'>Xt: 
«iiiS-eti.©t?ax U y Vifiih^o S5 

#3 8®Wf®©ei*— X3 8' ©4^SS:R> mw&-t^M 
^\y>y^<D^^m^f. g6«3 8©ja«r*&ni:1-S 

... (9) 

[0 05 1] WT> ±l3©ti£*tt«©Fcg®;^*<^*bf# 

^^"CV^S (K.Nagayama ed. I'Protein Array -An Altern 
ative Biomolecular Systenf, Adv. Biophys. (Tokyo) 3 
4(1997), Japan Scientific Soc. Press ) . ^icom 
B:. SS/Mx>X^»«±{iS?iJ$-a-^^©i:bTC©g 

E.mmM^^mm-r^i)(Dx^^. ei4 5{c5'^-ri^ 

iZ. SS'jN^ttlx>Xl 0 1 ^-^WL^-^tzWLit-l 0 5©rf 

ir. sffi 1 0 2 fc^ sgpwss b. stg 1 0 2 ^sae* 
/Jnsk«v>xi 0 1 s«*si 0 2±{c^^(cs?ij$-e-x 

[0 0 5 2] m2<Dmit. 04 6{c:S^-rj;-5t3, »tgl 
0 2±fe:ac«l/>Xl 0 1 at61 0 2t:JS 

t), *mu>xi 0 1 1 0 2 1 
[0 0 5 3] i^^±t:ift^8bfc:^S{c<};^)S?|J^■B•*:a^« 

u >>ct:mmnmx'Wi^-rtnts mm b < mA.^m^ 

[0 0 5 4] 04 7i::?>-ri:-5t33^iKu>xrU' 
'f 1 0 3?£2ji{c1-5i:s $ tga3te#tt*5|pI±1-S. 



(9) 



nmW- 1 1-3 1 7 8 94 



[0 0 5 5] *^^T-Mf^^nfc3^tt^:^X7U 
1 0 9*»e)©?fc^tt3^tt^>XTH' 1 0 3?&S3ibM 

[0 056] 0 5 GC^-rJ^^t:, CCD^eif 

[0 0 5 7] 55143, »|fi±{CS?'JbfcSS'h!ia^^*B^-r 
-5;&Si:bT(i, 0 5 1 tc^-rj:-5(c, SS^PJ 1 1 30 

^Jbfe!lS^■®E?•J**f5Li^5*S■€^*^*sfe^,. ttz. 

5 ati^-ri^c. *)-5 i«t©**ri i 2^m^^x^ 

izm-t^oC »g*feH:fc*ttL'>X4^>afv-r5c:i:{c: 

[0 0 5 81 JW±K:i5i«Bbfe5j?£K:inK, e»'h«c3S^tt 
^>xsa«±t^©^-«iS5K:3e'^s-i:*'t•&^ f^*^ 

[0 0 5 91 Uil±iJiMbfci^(c. *%B^CJ:S^^S 

[0 0 6 0] 1 . -tfc©S«?i;'J>^e < i: t)Jfe^^?> > 

[0 0 6 1] 2 . -tfcCDSKtifc^l^^^, '>-^ •J'^'-, 
^S^m^x Jg|fe5SI?Sioa-fe©noiji±;feEIS;b 

[0 0 6 2] 3 . -t!rCDfitfilC3fe^^^^> f 

0 ^Od Jii±SEi8; bfc^fe^^S. 

[0 0 6 3] 4. {1>5&< tttSftai^-. 

^SrE^bfc^ti^^Bo 
[0 0 6 4] 5 . BulB^t^^?*^, 
? t* & S c i: felta i: r S ft IBia 1 5& V ^ bftSBifi 4 © v ^ 
•:5tv*»tg3<i8©?t^^B. 



[0 0 6 5] 6 . Hlil3>t^1t14^I^)te^^? 
[0 0 6 6] 7 . BuIB^fe^ittli ol^^i^pl^is, 

[0 0 6 7] 8. m^it^ni-ii: -ssm^t^m^X'^^ 

§3®©^^^B. 

[0 0 6 8] 9. miiift^mT-b^. mmi^>xikm^m 

v^T#e.^^fcc:i:&!|fai:1-S^^|•f3^ 1 «:^^b^^flBS4 
®ir^^n*»K:8B«©Jfc#^B. 
[0 0 6 9] 10. lulBJt^f:^?*^. ^^-T'feSdi: 
^il^^h-r Sftt3« 1 UxflBS 4 ®V>-:3nA»Ci3iU 
©^i^^Bo 

[0 07 0] 11. BiFl3^te^«?**s ^S^1>5te* 'J' h«tB 
^fc*rs-i:«:1^^i:1-srtt3« 1 feV^U^ffi«4©V^ 

[0 0 7 1] 12. i^U3>»«±t:J&fiKbfecii:&i|^ 
«t -rsftl-SBS 1 «i:v> bMIB^ 1 1 OV>-:3tv4»K:!3«© 

[0 0 7 2] 1 3 . H5i3a«*sSB«T-*?)Ci:S!|^S!ci: 
-rsMIBa 1 '6:v% bftlBa 1 l,©v^-:5^^i)^{ci3^©^fe^ 
^B. 

[0 0 7 3] 14. fii3a«*s*^?fel^*«ltl**-r5 
d t ^i^mti-^mm i 3 i;i3«©5t#«B. 
[0 0 7 4] 15. mti^<D'pti. < t.i)—SRifi^^^ 
2> t -r SftlBffl HS:v^ bm3« 1 4 ©V^ 

[0 0 7 5] 16. mti9t^mm^m'^^^(oiz u v^^ 

Xo-fe>^$:fflV>SMi3Ja l5&V>Uti3«l 5© 

vx^n*»tf3«©3^6^^a. 

[0 0 7 6] 17. C^fetiLS I?:^trWI3« 

1 ^feV" bf^lBS 1 6 ®v^r3^^*>t:i3®®^t^^B. 

[0 0 7 7] 18. ^^Xd >>i^ i:lui33fe^^Bfc^i^ 
^fc<tl3^ 1 JfeVN bftl3^ 1 7 ©V^^*iA>{C|3ffi©S 

Bo 

[0 0 7 8] 19. Jt^^^ii^t^Xo-^/^iiBuKJfe^ 

mmt^mpL tznmm i v^ bf^tiB^ i s © v^^n*»{i 

g3«i©^B. 

[0 0 7 9] 20. iJt33te^XD «y Vm 
m^^-tZmiM 1 8 S f;ttfti3Ja l 9 {3i3«©^S. 

[0 0 8 0] 21. m^m 1 'S:v^ bftiBii 1 1 , itim 

1 7 ©V^■5n*»C83«©3fc^^Bt^tf3JS 1 3 bft 

lasi 5©v^^*%*»ci3«©sw&jt^^fi*ffli^^t> 

[0 0 8 1] 2 2. ifc^^^^x i^M'^y^'—. a^Tv 
to 0 8 2] 2 3. ^■^f^^f-s iy^^yf-. WL^. 



(10) 
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[0 0 8 3] 2 4. 3t;^7'n'i;^CDffiia(iDfflt:M[q]b-C 

[0 0 84] 25. ite^1^pia53fe^^?^*fctt^a&3te 

^^?&'>'5i< Z0 0M?£ffaftf3lil 

H3«1 8^:V^L^^)•13^2 1 <Z)^^■:5^^*tH3«®^eS^ 

[0 0 8 5] 26. m'Sm. 1 '5:V^ U^W^Z 5^DV^•:3n 
A>tcl3tB®^e^i)S^ fciS^S. 
[0 0 8 6] 27. {^13* 1 UtSBiS 2 5 m^-^fi 

[0 0 8 7] 2 8. it^*f::iiM^;5riaii:. m^^* 

[0 0 8 8] 29. miki^fz\mwi^nii. mmk^f-t. 
1 bftiBJa 1 7 ©v^^^^A^^ciB®©:>te^^a^ fcji 

f>f83a 1 8 3&:v^ bf'd-IBJl 2 5 ©v>-:3n*^t:i3«J®SaS 
^tr^fc^^a. 
[0 0 8 9] 30. itmrn 1 '5:V^ bftlBJl 1 7 ®V>-:3n 
*»{Ci3®®5te^^^S$fcH:r\r33iS 1 8 ;tev^ bMIBiB 2 5 
®V^t3n*{^l3i8cD^a&^tfs 2 t3iB«803l6^ 

^a. 

[0 0 9 0] 31. a^*}t{iS^;^[Ri*sj?$:6r|qii:{s 
{J it^ f ife -S c i: * ItSi i: 1- S Mi3« 1 V > bft IBIS 1 
7CD^^^i^4^^rB3S^cD3te^^a*JE:{±^^rl3Wl 8>5:^^b 
{'tH3«2 5®V%r3ft*>t;lB«©^a*fettMia«3 OC 
83«JO^^^B^^trJi^^a. 

[0 0 9 1 ] 32. JS«l*fc{±ffi^;^lpI*sjp$*[Sli:{i 

{jwc 2. ^ ^^miiLi^^^mm i bMiB^a i 

7 ®V>-:5ni»»t83«®^t^^B* feltMI&S 1 8 «:v^ b 
Mi3«2 5^ lf5RJSl^ Sl^a 2 cDV^^^^3b>^:83«©^ 

as^tra^^a. 

[0 0 9 2] 3 3. W:d<JS3(Ci3m©So$3fe^|g?o 

[0 0931 34. UI*JS 3 {::l3«0»«Jte^^^. 

[0 0 9 4] 3 5. it*JH3{Ci3i{©a3€>t^l8^. 

[0 0 9 5] 3 6. yir-i3XlLtz\i.X-h.^'iriom^ 

[0 0 9 6] 37. »«^:t7Xa:SK*t: J:o-ciBl&$ 

[0 0 9 7] 3 8. m'n.%tiX\ii.vMti\zi:^-oxm.m-^ 

[0 0 9 8] 3 9. »sm:t>XttSm;^;irJ:oTIE»^F 



[0 0 9 9] 4 0. @fl:S«felK?<O^^S^+ '^^-ttlll 

[0100] 41. m^^'^miii-t:miLfzmm^ o 
(zg3%cDi§^^a. 

[0 10 1] 4 2. iS*«l3&V^blf*«3^ {>M3«1 

b{ti3« 3 7 , f^l3« 4 0 1 IBtROii^^ao 
[0102] 43. StSi»s^SB^T-fc (ig3t?*«4S 

[0 10 3] 4 4. *tEi>«^ 3tegS±tt:SBB-efe>)x JfcSS 

^bTife^l^4eifig-?§Sfe»#MfbT?#a. K-oyv 

[0104] 45. W&(0-:H(Dm\^it^M^i:.mmk 

^*M^j^F-B-ciaabfc. 

[0105] 46. **gO-;&©iBKl3te^iK^i:S5^^ 

?^M?ij^-a-TiBSbfco 

[0 10 6] 4 7. a«®-;&©®tw^fiiacD>t!^#g$: 
lejU^-a-CBaabfe. (316^IRs ^Bi^«:S»M<b-^t 
) 

[0107] 48. »ffi*ssBjT-$. •? ^ -mz}^mRm 

[0 10 8] 4 9. ^fe^lfl^^;alfeSl^^:*ss^^t:(S^£> 

b■tV^S. 

[0109] 50. a«*sSBjO{5«^fT¥Htg-Cfe 

[0110] 51. btv^^. 
[0 111] 5 2. -l&<DmSL±\Z^^^^. i^^'^y^ 

abfc^fc^sa. 

[0 112] 5 3. -tjt®»*g±l3^#:^^. i^^^yif 
IB*? i: tt^f ^*Wl©ll«t^^ ^ SEB b fcife^^a.' 

[0 113] 5 4. t^^Mm.'mmM^m^t:mL±K:wi 

[0 114] 5 5. qIlll3te^^?^&a«±tE21-Si:ft 

±i3«I6±ciik:, mmm^. tSim.m^. fb®3te^ 

[0 115] 5 6. 5.mm^m-t^m5.±izm.iz. mv< 
m^. imm^. ffe®^^*?o^-feMn*^*BBBbt 

[0 116] 5 7. m^:^y SSffi 

±{zsc. as^*?^ ti^^^s fteo^fc^^d^oa-^M 
nA»&gaBbfe3fc^^a. 

[0 117] 5 8. -ttC(OmBM&m(Dm.miZ'i>l3i< 

[0 118] 5 9. -«j©SB^atgcDs®{i. imm^ 



(11) 
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[0 119] 6 0 . -«t®SWa«ffl«iaK:^ ^T'fV 

[0120] 61. -*fc®STO^©«®C. fll«i»5K^=^ 

[0 12 1] 6 2. SS^SPi-eU V^^^-f-T-D-fey^ 
Sfflv>sci:;fe^^i:^Sx M8B« 5 8 &v^ UtIBiS 6 

[0 12 2] 6 3. Pl^^g;^)^^^?^&()i^t:ii;^1$ 
mtir?>. {tiaaS 8J5:V^U^1■§BJS6 2®V^^n*^{rg3 

[0123] 64. mi^mm&Uifi^^^:f3 >y h 7 

«6 3CDV^-:5n*^lcs3«J®1Stt«^i-f h. 
[0124] 65. MS3« 5 8 55:V^ Utf3Jg6 4 OVn-:5 

[0125] 66. m^m 5 8 Uf'tlBJl 6 4 

e. 

[0 12 6] 6 7. -^(Dmm&w.t^(D^micm&^ 

sin 0=coS a/n 



[0127] 68. -tJ[OS8§Sffii:^cDS®{zjfM$ 

[0 12 8] 6 9. -«f®SW»«h^CD^®CCJ^fiK$ 
nfciiS^? ^fiMS i: e> ^ S - felt^Si: -r 5 H^^l 

[0 12 9] 7 0. «iS{=M-rSigi^?©««lt*2 5 
%W±{wb*:3i:54^SSi;-r2.> ftlB^ 6 7 U^^fB 
XH6 9®0-:5ni^CgB«®:)fc^5R?o 

[0 13 0] 7 1. mBmm&^ifim^iJ y hy^ji^i' 
mi o®v^-:5n*»i^§3«©^^*?. 

[0131] 72. MiBll 6 7 Ufti3JS7 1 tl3« 
[0 13 2] 7 3. )tja3!)SSia-rS'J>a:< i:t.-HA«IHl 

[0 13 3] 7 4. -'mifiiftuifimm-t?>mmmr\ m 
mifiiftm^m-t s ^^ss^-o siis ^ fe c t * 

[0 13 4] 7 5. mmifi^ui)^mMi-^m^mx\ m 

[0 1 3 5] 7 6. TIBIfefl^ (5) . (.8) ^mtztZ 
t^l^mtt^s {tf3«7 3^^^U^J-^3a7 5 0V^t5^^ 

... (5) 



0. 6 X { (1-cot a • cot (a + <i) ) /cot (a + flS) } xh^tg 
{(1-cota-cot (a + <i) ) /cot (a + 95) } x h+ 5 (D/2 -h) 



•cot (a + 0) 
fc;eu (5) -t!Mm^ti?>n. a{4DCCU> 

tt*«i«. tiiD CCU'>X®(fit>ffx DI±DCC^> 

sin 0=cos a/n 

D^3hH-5 



... (8) 

[0 1 3 6] 7 7. Tf3lfe{t= (5) > (7). (8) S 

... (5) 
- - - (7) 



0 . 6 X { (1-cot a - cot (a + 0) ) /cot (a + 0) } xhgtg 
{(1-cota-cot (a + fli) ) /cot (a + 0) } x h+ 5 (D/2 -h) 



•cot (a + 0) 

tz-fzU <6«±i5 (5) T-^m^nS^. a{iDCCP> 
X©lR:ll®l/2. nttDCCU'VXca^f^v h{±A 
M^fe^iSx tliD CCP>X©43^C.»JPs DJiDCCb^ 
X©ifiST-fe5o 

1/f = (n-1) /R 

tzizL. RiitDCCuy:x^-'oiz^mi^tziRU<Do*> 

[0 13 8] 7 9. f>M3«7 3&V>U'iM3®7 8©t>-5 
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[0137] 78. ^m.mmm<Dmmm^ifirm^i<f' 

ami 5©v^•:3^^*»t:|3«B®v^' b:^?-^ 
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nt^izi-dmcD^^m^iim^tz^Mmmo 
[0 1 3 91 8 0. mi±icH^u>^tmmcmm 

©»f^7&^. 
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[0 14 1] 8 2. m^l'>Xifi:ff5'7,X-^^:ii:.^!l^ 

[0 14 2] 8 3. m^v>xi^mm-^^^:^ii^m!L 
[0143] 84. m^m 8 0 ^fzmnm. 8 1 ^ztm 

[0 14 4] 8 5. r^flBJS8 0*fcliMI3«8 1K:8348 

[0145] 86. mzm. 8 0 *fc{i{ti3lS 8 1 Ci3«i 

[0146] 87. ftfB^S 0 Sfcttf^fiaaS 1 (ClBSi 

[0147] 88. itfms 0 *&{±M8B«8 1 1::|3« 

[0148] 89. itmmi 0 *&{iN-|3JB8 1 fc:83« 

[0 149] 9 0. {^I3JW8 0*feH:{^fi3«8 lCg3« 
©:*ffiK: J: o r U W > XoaiK'N©H^^g! 
i:fts S'J©a«*fflv>Tmliffi^ttl'>X&Sfctrc:i:tc 

[0 15 0] 9 1. H$m8 0 *fcH:y>ff3Ja8 1 (Ci3« 
©;5S{c J: o T tSf^ b tz^.^ v yX(OW&r^oymn.^WL 
h\.X. BuB3^fc«P>X*fc(4HijSS«^i0Sf>-rscii: 

[0151] 92. ftgaiS 8 0 %tz\mms^Z 1 {Cl3lli 
©iSffit: i. o TSSIft b fc^tt u >X7 . 
[0152] 93. ftiaii 8 0 *fc{±ftg3« 8 1 {C|3« 

[0153] 94. -«t®SWa«©^SiC'>)5; < i: 
««IS?^i:3t^l!S?i:*lBiftbfe«tt««fei^<i; h. 

[0154] 95. -*if©i®BJ»«©«iS{C, SIfelS?- 
i:. il^«i;< t*)lHl^>fc!^^?i;ffl®i'>Xi;@fiflH© 
^ ■^©-oW±i:S:EiS;bfc«ttJi^J.^>y 

[0 15 5] 9 6. -«C©2W»|R©*®lC, 7r'f> 

Xt g *fflB©^ •^o-om±i: Siai9:b3&ffitt}g«jL 
— «;/ h. 

[0 15 6] 9 7. -«tOSW«^®^®{r, 
i:*5^^Bit. ia>'a:< i:t.BI*T^fc;^SR^^i:fflBl'>Xi: 
S*fflffii:7r^' >^J^— ©^*>®— oJW±i;SEIftbfc 

[0 15 7] 9 8. $lKWfC'J V^/7 7^-XD-feX 



*ffl^^5C4:$iRp«i;■rS^ {tl3^9 455:V^bf^f33^B9 
7 © V%t3*l*»t |3«©tE«li«J^- y h . 

[0 15 8] 9 9. •pr^^;S:)fc^fg??fc«gj?.t^i:4!|^ 
m^;t■S^ fti3J«9 4^^V^U^I3^9 8©V>t5tiiPC:B3 
«i©ffitt«^JL- h. 

[0 1 5 91 1 0 0. HJJffiSHJSffiAs^^^^yh^-f;!/ 
^S!;*^*■r5Ci;^^SSi:■r5^ {tlBS 9 4 
13^9 9o^^^^vA»^;i3«©tfi^^«^J^->v h. 

[0 1 60] 1 0 1. {tt3JS9 4 3EfcV->U^t-g3Jil 0 0© 
v^-:sn4»fc:83«®«ttiflfeJ.-y h&iiS^fc««Se. 

[0161] 102. <ti3lS9 4/d:V^ U^fiaS 1 0 0© 
v^-:5i^*»{cg3«©«tt^8»J.->y h?&0Sife«|^1i«3B 

[0 16 2] 

[%ra©»«] Jil±K:^bfeJ:-5Cx ^IBWtiixtt. 

[gia©iaf^^Sii;g] 

[Ell] :mmo^%immsm^y^-twr:%^. 
[122] *^w©^2iiififl^sg^fe^-r0t-ifes. 

[03] ia2©3fc^^B*±;?*»&*fcv>f ^D'>^ 

[04] im^<D%2'mmmvzm\-^^Wiri<Dmiim 

[1115] *5SW©m2|OfgJI5<g©^fl509i:bT^ 

oi^jfc^si^^©-^ ife 5 wr^^u^ ^ 7 -©sijo- 

S& ?. qJ^M;^ 1^ > X ^ ^ 5 — © itiffl t Eg b 

[S6] *«^®^3iiifs?i5«§5&33^-r®fifes. 

[07] *^W0^3^5E?^«§©»^^S{cfflV^5D 
-/'^X7'f ©^EITn ^bixBl^tc^S-o© 

[1218] *^W0^4jeil6?KJ!g%mf Bl-C-ifeS. 
[09] *«fl^©m5*ifiJi^ffi?fe^-rElT-feS, 
[010] *^W©«6||«iJiJ«l&?N-rS-C$.i.. 

[011] ^mmom 6 ll^fi^B«ole^&fi»JS^^■rlaT• 

& So 

[012] ^mm<Dm7mmBm^m-rmx$>6o 

[013] *^fl^®^ 7 ll«6J&^©^fl^fi»| i: btS/t 
§ >Xi:3WS«fc@^*;}ij^^^ i: ?&|fi^-tT^d:5 
> X;i/«:«fi!6©^«»^B©-0yS^x-r0T-fe 5. 

[014] *^B^©^8^«J®<£S=>t-®T-*5. 

[015] *%B^©^JSB^tr^U5qIiH/>XOffe 
O0!ii: bT»mu>X&^-r0T-$.S, 

[016] *f6?g©^9|ISEJ15JSSg^fiaT-*S. 

[017] *^B^©m9ll^l6J^5^s^cffl^^s@^^>x 
©«fifc«ii5iaT-fe.s. 

[018] *^Ba©^ 1 om&mm^n<Tmx^?>o 
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[019] 2tc|gB^(D^ 1 OlUSB^Cffll^Sgaffl® 

[020] *5SB^®lli 0llJfiJi^ffic:fflv>5Sftffl® 

[02 1] :^mm<Dmi ims&j^^^Tnrmx^^^o 

[02 2] y^i^'i^)Vi3yi'7(D'^mmi^irmX'&^o 

[02 3] *f5w©^i 2^mMm^m-t^-c^?>o 

[02 4] y^^momi 3mmmm^^^tm-c$>^o 

[02 5] *I6W0^1 SUSfiJI^SgC^r-f >ySI5® 

[02 6] *:#gB^©^l 4^SfiBJ8%^-ria-C*S. 

[02 7] ^%m(Dmi4:mimwn^m^^?>ift^m'p 

[02 8] «E*iD^fei:#®?SS^?®t^®S:S^-r 
0-C-feSo 

[029] 3te^^?©^j&if!i*sx-r0-efes. 

[03 0] *«B^©^ 1 5m!fSff$^*?--ria-e$)5o 

[03 1] *^B^©l| 1 SUSSJf^^CfflV^S^^^^iS 

[03 2] qI?eMjiaDOE©J6Sffl^S^t-ET-fc2>o 

[03 3] m^mm:<Di}t^mTt7nrmr-^^. 
■r0"r-$)S« 

[03 5] t^3lE0iJ{c*V>TAit^i:ASt5fe^Si:OK 

[03 6] ^ii^i^^®^l®fi«JS^^0T-feS. 

[03 7] mi<Dmizii\,^xxmntxm^^mtia) 

[03 8] DCCP>X®^?f$^J*^N-r0T-fe2., 

[03 9] D CC]y >X(Dimm^Wimir^tzllt><Dm 

[04 0] DCCV'>X®»*S^-r0T'S.5o 

[04 1] ^m^^^<Dm2com^7n-rmr-^^o 

[04 2] h:!!f'r K©5feSggBO«£3fe«fJS:g^-r0T- 

[043] -^-f b^iJ'f K©$feiiaSI5t«tt^>XrU'W 

[04 4] 38^«^>XASi0lmtM^;et^®5&^^^0t• 

[04 5] i«/jM^>x&»tE±tcsyiJ^-e-2.:&^©^ 

[04 6] sa/jM/>x^s«±cs?rj$-a-s;&j£©m 

2©«?!l2r^t" 0"C$'5o 

[04 7] aJttl/>XTW'f *2»K:Ufc€»J*5^1-0 

[04 8] &ffl©3te®^e©EJte#14Stt«t1-^0"?:- 

^ o 

[04 9] 3^4^U>X7'U'f ©t5ffliW*n^-r0"C-S» 

[05 0] i^4*l'>X7-W-<©SiJ©)^>ffl0J%^1-0T- 



So 

[05 1] a«±tcfi5>Ibfcm'^<SL^%B^t**ffi 
0T-fe2>. 

[052] atg±ts?'ij bfcs»/jN!KL^&a^t ss'j© 

;^r*?&^-r0T-feSo 

[053] S1fi±K:mU Ufc»'J^i|S^=^&a^t5$ ^ 

[05 4] >^^Bn(Dm3msMmtzm^^?>i/t^m=p<D 
[^^^©g4W] 
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